DOC OH BIT BESOHB. 



ED 210 195 

TITLE 
. INSTITUTION 



FEPORT NO 
POE DATE 
NOTE ' 

AVAILABLE FROM 



EDRS PPICE 
DESCRIPTORS 



ID E NT IF I'? S 
AB SIP ACT 



!^ SE 035 -959 

Method?' for the Determination of Chemical 
Cortaminanrs in Drinking water* Training Manual'. 
Office of Wat er N Progr t am Operations (EPJT r Cincinnati, * 
Ohio- National Training and Operational Technology- 
Center.' 

.EPA-4 30/1-90-006 - - 

Apr 30 ) 
652p- 5 For related* document, see SE 035 960,. • 
EPA Instructional Resources Center, 1200 chambers 
Rd., 3rd Floor, Columbus, OH*»3212 (SI -00 plus fy).'03 
per page) - 

MF03/PC27 Plus Postage. a 4 

♦ Chemical Aft a lysis ; Chemistry ; Instructipna 1 
Materials; *Laborat0ry Procedures; Metals-; ^Organic 
Chem istry ; Post secondary Education ; Science 
Education; *water Resources ^ . 

♦ Drinking Water; Halogens , 



*ectnici*r.s with 
required to mcni 
inorganic and or 
p^rircarv drinkirg 
metals, nitrate, 
Chlcrophenoxys, 



This trainina manual, intended for cheicists and 
little or n^ experience in chemical procedures 

*or drinking water, covers analytical rcethods for 

gaific cWftiical contaminants listed in the interim 
water regulations,. Topic? include methods for heavy 
and org-anio^compounds (chlorinated hydrocarbons., 

and trihalome^r«^K~(£OJ_ 



J* 



L 

***************************** ********************>* ****** ***********>** 

* Reproductions supplied 'by EDRS are the bes.t that can be made * 




from th^e original document. * 

********************************* ******^* ****** *********** ************ 

•i 



ERIC 



United States National Training EPA-430/1 -80-006 

Environmental Protection and Operational April 1980 % 

Agency Techrfologv Center fc 

CinclnnatlDH 45266 . 

Water • 

Methods for the 
Determination of 
Chemical 
Contaminants 



9 

Training Manua 




I 




U S DEPARTMENT OF EDUCATION 

NATIONAL INSTITUTE OF EDUCATION 



! 1 



March -1980 



PARTICIPANTS HANDBOOK 
for 

METHODS FOR THE DETERMINATION OF CHEMICAL % . 
CONTAMINANTS IN DRINKING-WATER 



This Participants Handbook was developed by the Environ- 
mental protection Agency, National Training and Operational 
Tethnoljogy Center with the Technical Support Division in r< 
response to a request from the Office of Drinking Hater. 



( 



National Training and Operational Technology Center 
Office of Water "Program Operations 
U.S. Environmental' Protection Agency 



0 



* : DISCLAIMER 

> ' 

Reference to commercial products, trade names, or 
manufacturers 1s for purposes' of example and illustration 
Such references do not constitute endorsement by the 
Office of Hater Program Operations, U.S. Environmental 
■Protection Agency. 



f 



- 4 



METHODS FOR THE DETERMINATION OF CHElftCAL CONTAMINANTS IN DRINKING WATER 

INTRODUCTION '' i 

Course Instructional Objectives: 

This course is designed to meet the needs for training thoSe persons who will 
be involved in analysis of potable waters for contaminants listed' in the 
Interim Primary Drinking Water Regulations. The course can be -used by either 
State or federal personnel. Should the course be offered by a State, the 
contents should fee thoroughly checked to see if discrepancies exist between' 
the outlines prepared under the Federal regulations and what is required in. 
^^Ja^State's Drinking Water Act. ^ * 

After successfully completing this course, the trainee should have sufficient 
information to carry out the various analyses. The trainee* will- perform analysis 
in the laboratory under the Supervision of the offering authority's chemist. 
The trainee will be observed by the instructors and judged on the competence 
of laboratory technique and will be given a test upon completion of the course. 

The course will cover the analytical methodology used to analyze for metals, 
onganics, nitrates and fluoride. Addi tion*+- tqpic^covered will include' 
sample handling and discussions on laboratory certification and Ihe Act itself., 

Although all parameters, inorganic and organic, are contained in this manual, 
caution is advised in severar^e^s. First there i$ a provision in all acts^ 
both Federal and S'tate, to allow alternate test procedures. This provision cah 
be carried- out again on a Federal or State level. Consequently, the users of 
/this manual should inquire of their appropriate authority as to the existance 
of any additional methodology which has been approved. _ V 

\ . 

Secondly, from time to time the Primary Drinking Water Regulations will be 
amended and new parameters which must be analyzed for added. Tfjis will create 
'> a need for constant revisi&n of the manual on the part of the user to keep 
it current. Another thought should be considered here aRd that is the Secondary 
Regulations. These will be issued on asthetic principles and will not be manda- 
tory. However, the methodology that should be i^ed is listed in these regulations 
and analysts might wish to examine these. 

The exact make-up of the manual has been designed in such a way as to allow 
maximum flexibility in determination of course content. Options have been * 
provided so as to allow the course director to select the final content. 

For a brief overview of the course, the content covered, and the schedule, turn * 
to the Agenda. 

A word about the handbook itself is in order. The handbook is designed to be 
used by you from the time you receive it throughout the course, and when you 
are' back on the job. At the outset, there aife some tasks the participant should 
complete prior to attending the course. Quring the course, the handbook will ^ ' 
be referred to daily or with each set of units and presentations. It spells 
out for70u what you will learn, how, wheh, under what conditions, and when 
you wilf know if you have learned *jhat is intended. The instructors will 
use thii same material, with some variations depending on the situation, - 
participant needs, or scheduling requirements, v 
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The handbook is assembled in this loose- rwf form to allow the instructor some 
flexibility tn unit selection or sequencing Also* it allows you to insert 
• your nows from the daily sessions next -to the corresponding unit. Should 
the instructor or a fSllow-participant provide additional Information U paper 
articles, etc.) not envisioned for the Gourse but relevant and useful, It can 
be inserted in the handbook. 
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METHODS FOR THE DETERMINATION OF* CHEMICAL CONTAMINANTS IN DRINKING WATER 
* PRE-COURSE ACTIVITIES 



Each of the following forms to be completed by you concern activities you are 
asked to compete' prior to the- course itself. Thcpe are the Pre^tgst , Bio- 
graphic Statement , and Participant Survey . They are explained in detail in 
the introduction t^ each fortn. , 

A fourth sub-section is entitled Pre-Course Preparation . It^s simply those 
materials or activities the instructor may appropriately deem important to 
read ow carry out prior to arriving for the course. This part of the hand- 
book is optional and for the instructor to include or exclude. *. ^ 
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Course Pre-Test 



Dear Participant: m * s 

As your fi>st action in relation to this course, we are asking you to complete 
a short pre- test and return it to us before coming to the course. -It is im- „ 
portant to have this information in order to measure how effectively the course 
is meeting i-ts objectives. This, plus the ptost-test given upon completing , 
the course, Kill help us with this measurement. 

Note, we talk of "measuring the course," not measuring you in the sense of 
pass or fail. While learning is the primary responsibility of the learner,' 
we recognize that course design^ content, methodology , instructor, learning . 
environment, etc., all play a role. This measurement plus other feedback 
the instructors will get, will assist us with future design and delivery. . 

You are encouraged to take this test without any outside help from books or 
individuals. This test is designed to answer only the question of have you j 
improved your knowledge by taking this course. It will also give some indica- 
tion on course design and instructor teaching. No grade will be assigned nor 
is any other use iptended< 

r . 




Pre-Test 

1. The analytical methods to be used in the analyses of Drinking Water Samples 
are set down in the - \ 

a. Interim Primary Drinking Water Regulations 

b. Safe Drinking Water Act , . 

c. Clean ^ater Act 



2. Organic- samples are collected in 



\ 



a. ^gl ass or plastic 

Mass only 
c. , plastic only 



containers, 



3. The maximum hiding time recommended for metals is 



a. 14 days 

b. 180 days 

c. 30 days 



* 

4. A statistical measurement for precision is 



a. percent recovery 

b. central tendency 

c. standard deviation 



Minjmum quality qontrpl requires that daily checks of a standard curve 
be withifi Of -the original cunjp. ' •» 



a. 
b. 

c. 



+ lOt 
+ 556 
* 2% 



6. Safety practices should be carried out 



a. at all 'times 

b'. orily when hazardous materials are being used 
c. only when the* supervisors are watGhing 



7. The required analytical method/ published in the Interim* Primary, Rdgtilalions 
for silver is * * * 

a. dithizone * 

b. silveV diethyldithio£arl?amate 

c. standard atomic absorption techniques 



8. The MCL for silver was based on 



considerations'. 



\ 



\ 



J 
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a. £QSt 

b. aesthetic 
c; health 



l it 
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•9. The oxidant and fuel gases used wheh-s-1 1 ver 1s determined are 

a. a1r-acetylene 

b. nitrous oxide-acetylene * ■ 

c. argon-hydrogen 

V 

10. » In order- to determine cadmium, chromium and'lead at their MCL's, the ' 

sample needs to 

a. be solubilized 

b. extracted and concentrated 

c. both \ H 

11. The oxidant and fuel gases used to' determine cadmium, chromium and lead 
are 

? 

a. air-acetylefie , \ f 

b. nitrous oxide-acetylene 

c. argon-hydrogen « . 

12. The extraction technique 

* 

t. necessitates doing each metal (cadmium, chromium, lead) separately 

fc. allows all metals (cadmium, chromium, lead) to be done with one extraction 

c. need a preliminary colorimetrlc procedure. 



13. The determination of mercury is carried out by _ 




a. normal atomic absorption techniques 

b. colorimetrlcly 

c. a flameless atomic absorption technique 



14. The oxidant* and fuel gases used- to determine mercury 



a. are air-acetylene # s 

b. nitrous oxide-acetylene 

c. a4r only 

15. TJfe organic forms' of mercury are to convert to oietallic form: 



a. difficult 

b. easy / 

c. impossible 



16. Tjie oxldant'and fuel gases used to determine arsenic and selehl 



urn 



are 



a. air-acetylene 

b. nitrous oxide-acetylene ' * 

c. argon-hydrogen " ^ 

17. Organic forms, of arsenic are analyzed by the gaseous hydroxide 

method. 



a. .directly 

b. after an oxlcjation step J j 

ERXC :c * co1or1rnetr1c1 y - ' 
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18. The zinc slurry providjh . in the gaseous hydride- procedures 
for arsenic and selenium. / 

a. for the reduction * r 

b/ ^the -hydrogert^for the fttme . * 
c. "the hydrogen to form the hydride 

19. Nitrate is determined " in the cadmium reduction method. t 

a. as nitrate . * 

b. as nitrite v 1 . ' 

c. as cadmium A 

20. Nitrate samples for the reduction column should not be preserved 
with . 1 m 

, a. sulfuric acid . - ^ " 

b. refrigeration at 4°C 

c. mercuric chloride 

*y * < ' 

21. The nitrate sample for the cadmium reduction method is filtered to remove 

turbidity which could 

a. react with the nitrate 
"b. oxidize the' nitrate to nitrite 
c. restrict flow through the column # 

22 # The brucine test analyzes nitrate as 



a. nitrate 



b. - nitrite, V 

c, brucjne \ 

23. One extremely important control -in the brucine test is 



a. size of the particles % > 

b. concentration of nitrite m% ' * 
- c. temperature 

24. The brucine-nitrate test is a • test. 

a. 4 colorimejEric 
' b. atomic abosrption 
, c. titram&tric 

25. For drinking water samples ' aiust precede the SPADNS test. 



a. 'ftltration 

b. use of the electrode 

c. distillation 



\ 



26. Fluoride sarnies are preserved by the addition of * 



a. nothing f / 

b. nitric acid • ' / I . ' 

c. mercuric chloride j , "* 
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27. The SPADNS method for fluoride 1s\a 

. ,*a^ coloM'metrtc 

: atomic absorption. 
• * e._ tltrametrlc 



28. 



PfOQpdyre, 



The distillation procedure work> by - ^->* ' « 

a. , distilling oyer the interferences and leaving the'F" behind 
^ b. distilling over the F" and leaving the jgjtorferences behind 

.c. forming a col or 'with the Interferences |pj; { 

29. A new batch of acid/water mix must be used. > 

* • 

. af. with each sample 

b. after three samples 

c. when the solution turns brown 

* - * 

30. • If the temperature 1s allowed to gjo beyond 180°C 




*31 



a. the fluoridejs not distilled 

b. the Iron carries over 

c. sulfate 1s carried over 

For drinking-water samples 



a. nothing 

b. distillation 

c. filtration , 



32. The electrode must be connected to 

• *a. pH meter with expanded scales 

b. specific 1on meter 

c. either of the above 



must procede the electrode method. 



for the F determination, 



33* The electrode Itself and the 
of Interferences. 



account for* the small numH£ 



a. • distillation 

b. Mhe TISAB buffer 

- c'. the complexone ► 

34. Barium 1$ determined by 

a. colorlmetry ' 
^b.' atomic absorption 

c. tltrantetry 



35. 
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The barium samples are preserved by adding 

a. nitric add 

b. sulfuric add 

c. mercuric chloride 



1160 In order tojexpress the va*ue of "total" barium, a 
jiiuslf be v performed. ♦ % 



step 



a* filtration ^ 

b. weighing \ 4 m 

c. solubilization or'jdigestion 

37* The approved method for^ residual chlorine determination for water supply 
samples is the ^ . 

a. o-tolidine * 
, .b. phenol red 

c. DPD i • ' . . , V 

'38- The kit form of the approved method ' * > < 

- a. can be used ^* y - 

b. cannot be used 

■ c! must -be applied for under alternate test procedures 

39. Chlorine samples * r 

a. can be preserved overnight 

b. " can be held for 48 hours 

c. cannot be preserved 

4(\. The turbidity sample must be taken 

a. 1*n the plant 

b. at an entry point to the distribution system 

c. ; in th£ distribution system 

41 . The reason for the MCL on' turbidity is because 



> Ma on 
r tWF be 



a. it may interfe^^HJh disinfection 
*b. it makes water TrWc bad 
c. it makes water taste ba{i * -.^ 



42'. T/irbidity measurement must be carried out 

a. la number of times based. on population served 

b. - once a week 4 # 

c. om:e a day 

'43. The Interim Primary .Drinking Water Regulations 

a. become' effective in December of 1977 * O 

b. became effective in December of 1975 

c. became effective in June of 1977 

44. The Interim Primary Drinking Water Regulations include maximum contaminant 
levels (MCL's) as well as monitoring frequepcies for 



a. chemical, bacteriological, radiological contaminants 

b. chemical, bacteriological contaminants 

c. chemical contaminants 



) Cl-7 
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45. The maximum holding time for the chlorinated hydrocarbons samples is 

• a. H'days ' 
J). . 7 days * 

* . fc. none 

46. The pesticides which lire to be monitored are 

a. endrin, aldrin, lindane, methoxychlor, toxaphene 

_ 7 b. endrin, lindane, methoxychlor, aldrin 

c. toxaphene,, methoxychlor, lindane, endrin 

r\ 47. The pesticides are. extracted from the sample using 

V / 

a. ' hexane %> 

b. petroleum ether-ethylether 

c. hexane-methylene chloride 

48. The chlorphenoxy herbicides to be monitored for are 

^ a. 2,4, D; 2-,4,5 TP; 2,4,5 T 

b. 2,4, D; 2,4,5 T 

c. 2,4, D; 2,4, 5 TP - ^ 

49. The herbicide* are extracted from the sample using 

* a. hexane 

b. hexane-methylene chloride. 

- c. etljyl ether 

.50. The maximum holding time for herbicide samples is 

a. 14 days i 

b. 7 days - * 

c. none 
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BIOGRAPHIC STATEMENT 



Dear Participant: ( 

We ask that yoiLajisw^r and complete the following items as briefly as 
possible. The 'purpose is simple: to acquaint the instructor with his/ 
her students prior'to the course. 

1) Name: (please print) 2) Date: 

3) Address: 



K 

/ 

5). Present Position or Job Title: 



6) Major job functions'- or responsibilities: 



cm 



4) Date of Birth: 



\ 

7) Courses or stud/ undertaken in relation to j6b: ) 



X 



Y 



9D 



9 

ERLC 



s 



■In 



C2-1 



> 



PARTICIPANT SURVEY FOR THE METHODS OF ANALYSIS FOR 
INORGANIC CONTAMINANTS OF POTABLE WATERS 



1. Identify the experience you have with each method for the^arious 
contaminants covered in the coyrse (give approximate length' of ^ 
experience). 



2. tfow much^ experience, do you have in atomic absorption? 



3. v Do you have sufficient basic laboratory skills to carry out necessary * 
J laboratory^ procedures (use student skills checklist)? 



•4. List tjte goals which you vrish to achieve in attending this course. 



5." W111 there be a need for you ,to pass on the information attained in this 
course to others? 



/ 



<J 
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Name ^ 

Employer 



STUDENT SKILLS CHECKLIST 



To assist us in processing applications^ please check YES or MO for each of ,ttie 
fol "towing item^: 



YES 



NO 



have operated a laboratory. gas burner . . . 
have operated a laboratory hotplate/sti rrer 
have apa^ted an autoclave t 



have operated a 'laboratory drying oven . 
'have used a vacuum source to filter liquids 

have used a desiccator . f 

have weighed items on an analytical balance 

have weighed )\ terns on a double pan balance 

have 1 used a graduate to measure liquids 

have used a volumetric pipet to measure liquids : 

have used a graduated pipet to measure liquids 

have used a 'pipet bulb to fill, a pip^t 

have i^sed mouth suctioo to filY a pipet . . . M r*. 

have" used an inoculating loop to transfer small amounts of liquid 

have used disinfectant to sterilize a lab bench work area . . . 

have poured liquid from a container into glass test tubes .... 

have prepare^ media used for col i form tests t 

# haVe used chromic ac^d to clean glasswa*=e. " 

have operated a laboratory safety shower*' 

y 

have operated a laboratory eye washer 

have operated a fume hood 

have prepared*manganous sulfate solution . 

have made out labels for bo t tigs or reagents . , . t / 

ave used a buret . - 



i 



ave used stanch as a chemical change indicator . 

have titratedfone solution against^nother to a color, change etfjj 
Point . . . , * 

have recorded a reading a£ a meniscus 

have r*edorded laboratory data in a laboratory notebook 

hav>-Wtered laboratory data on a pre-printed form ....... 

have recorded information about samples on record sheets . . 

have located required purchase information fn a catalog of 
laboratory equipment t 

I have written a purchase order for chemicals {o .be used in the lab 

* la 



J 
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Name 

> Employer 

" • ' . ' I 

Volume means space occupied by a solid, liquid, o(C qte . . 

mg/1 means milligrams per liter • 

Normality (N) 1s a way to express concentration 1n a solution 

1 ki.logram equals '0.001 gram 

1 inch equals 2.^4 cm 

1000 ml equals 1 liter . . . , 

85' times 4.1 equals 42.5 ' 

7 minus 2 divided by 0.02 equals 250 . 

3.26 rounded to the nearest tenth is 32.6 

84.55147 rounded to the nearest thousandth is 84.551 - 

*- 



YES 



NO 



/ 



1 



\ 
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INSTRUCTIONAL UNITS 
INTRODUCTION 



The material covered in this section represents the core of the course. All the 
parameters listed in the Interim Primary Regulations are covered. Where more \ 
than* one analytical procedure has been permitted, all are tncluded here. The 
analyst will'hfcve to make the choice as to which will be u^ed. Th'e material has 
been written in a •format that allows the trainee to utili/e*the outlihe as the 
analysis. is carried out. The step-by-step outline proceeds in the same order as . 
an analyst must proceed. Each step is given and if warranted, additional informa- 
tion is given in the next column. The student should be cautioned to read each 
step and the material, if any, in the information column before doing the step. 

Also included in % the outline is an equipment list which lists capital, reuseable 
and consumable items necessary to perform the analysis. Where more than one 
analysis is being performed, the flquipment lists will have duplication and the 
trainee must purchase only what is needed. 

The level of training required to perform each analysis varies. For example, the 
outlines -on residual chlorine and turbidity need little formal chemical educational 
background to be performed. However, the atomic absorption and gas chromatographic 
analysis require considerable background to perform. The later -two analyses should 
be performed only^y experierlced chemists or done under their supervision.. , 

As new persons enter into the laboratory and assume responsibility for certain, 
'analyses, this manual or sections of 'it can be used to acquaint^ refresh the 
analyst with ttje methodology for which he is responsible. \ t 
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REGULATIONS CONNECTED WITH THE SAFE DRINKING WATER ACT « 
I. Introduction- ' 7 *■ 

The primary interest of the Safe Drinking Water Act was to produce potable 
water f6r the consuming public. It is estimated % that there are 240,000 
water supplies in the United Statesv That i\s about 40,000 community supplies 
and abaut 200,000 non-community water supplies. The Safe Drinking Water Act 
required that limits be set-down for those materials which, when found- in 
natural waters, would* pose a health hazard." From this requirement a document 
was drawn up and published for public conment. This was the Proposed 
• Interim Primary. Regulations. After the comments were received snd acted 
upon, the Interim Primary Regulations were published in the Federal Register. 
"These Interim Primary Regulations listed the health related agents to b^ 
monitored for irt the Rations drinking waters. A. monitoring frequency was ^ 
set down for the cormruni% and non-community supplies and a "Maximum 
Contaminant Level" (^L),for each^was set. In addition, a list of. "approved" 
methods for the analysis or^a&h parameter was given. 

The "Act" stipulated thaf * sV<ty was to be made by the National Acade*y { 
of Science (NAS) on the parameter^ that were included iti the Interim 
Primary Regulations. This study was to look at other compounds to in- 
clude, if some parameters should be excluded, if the MCL were right and 
suggest changes and areas of research. After the NAS report was finished 
the Interim Primary Regulations werevto be revised and published for public 

conment and then promulgated. ^ * - 

a* 

'The Environmental Protection Agency was to publish a list of parameters and 
methods to analyze for these parameters which a treatment faci-lity might 
wish to monitor for. These |»arameters were to.be ba?ed on aesthetic values 
^and were not to be of an enforceable nature. These "Secondary, Regulatioqs"' 
\*ere to follow the route $f the Primary in that tfrey were to be proposed 
and sent out for public conment. \ > ± 

In addition the the Primary regulations, EPA was called on to issue any 
addi tional^parameter it felt might endanger the health of the consuming 
* public. These additional parameters after being commented on would be 
a partiof the already pub.l ishe4^rimary Regulations. As with the other % • 
parameters analytical methodology and monitoring frequencies would be 
published for the new parameters. 

jAfter publication or the analytical methodology in the Primary Regulations, 
any new methods could be Used after being ajudged comparable to those already 
published. A review panel and an approved mechanism was to be set up 
p to supervise the requests for "Alternate Test Procedure Approval."* If the 
/*new method was found to be comparable, it could be approved on a national 
or regional area level. 

II. National Interim Primary Drinking Water Regulations . - 

^Section 1412 of the Safe Drinking Water Act requires the Environmental 
Protection Agency to publish proposed national interim primary drinking 
water regulations. ' These regulations were to be proposed 90 days after 
tlje enactment of the Safe Drinking Water Act. Public conments were to be 
solicited on the proposed Interim Primary Drinking Water Regulation and 
these regulations were to be promulgated 180 days after enactment. » 



ER | c b«P.4.3.80 • 2l 



El-1 



The Proposed Interim Regulations were issued on March r4, 1975, and promulr 
gated on December 25, 1975. Since the A6t. states fhat tKese regulations 
should become effective 18 months* after promulgation, they became effective 
June 24, 1977. These Interim Primary Regulations will be revised on an as 
needed basis as well as at least every three years. 

Since the Interim Primary Regulations are based on health hazards to the 
consuming public, th6se* regulations contain a list of Organic and Inorganic 
materials and *a maximum contaminant level for each. These levels are based 
upon possible health hazards that may occur after a lifetime of consuming 
approximately two liters of water per day. The regulations set down what 
must be done by a water supply should one of tfiese maximum contaminant 
leveTs (MCL) be surpassed. Also, a part of the regulations is a list of 
approved methods for the analysis of the parameters listed. *The parameters, 
their levels and methods are listed in Table 1. 

Also included in the regulations are the sampling and monitoring frequencies 
for the published parameters. This sets down how often samples must be^ 
analyzed and for which of the parameters. Microbiological parameters are 
also listed in the Interim Regulations^ * The limits and sampling frequencies 
are covered in other manuals. The chemica4--5ampling and monitoring require* 
ments are listed in Table 3. 



Under the microbiological sections in the Interim Primary Regulations a 
supply may substitute residual chlorine "detemri nations for a portion of 
the microbiological tests. The level of free chlorine that must be main- 
tained is 0.2 tng/1. The analytical method' to determine this is the DPD 
colorimetric or titrimetric method. It was the intent to allow the use \ 
of the- color comparator -kits for this analysis. Due to the inability 
to preserve a free chlorine sample it is expected that the operator him- 
self will perform this test. ~~ . / 

On July 19, 1979, a proposed amendment to the National Interim Primary 
Drinking Water Regulations was published. As with any proposech rule -it 
calls for public corrment after which they will -be promulgated and become « t 
an addition to the NIPDWR. 

The analytically significant areas these proposed regulations are the 
publication of alternative analytical techniques approved for natidhwide 
use. These are shown in Taf)le 5. In addition, €he community supplies 
are required to monitor for sodium, at l£ast -annual ly for systetos utilizing 
surface water sources and at least every. tAree years for systems^solely 
utilizing ground waters sources. Analyses for sodium are to be' carried 
out by either flame photometric or atomic absorption methods, the referertces 
for which are given in Table 5. 

Some supplies when so notified *by the State will be required to initiate 
a corrosion control program. This is designed to protect the drinking 
water from possible corrosion products as read, cadmuim, asbestos and 
organic compounds. The proposed rules suggest three ways to calculate 
some form of corrosion index and a suggested limit for each method of 
calculation. When these proposed rules are conmented on, it is hdped 
some decision can be made on this point. 
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Some changes connected with non-community supplies only are suggested in ' 
the propo^ecTarifnendments. These would extend for an additional 1 year the 
nitrate monitoring deadline and allow up to 20 mg/1 of nitrate in some 
systems at the discretion of the State. 

In addition to the proposed amendments, a final regulation concerning the 
Control Qf Trihalomethanes in Drinking Water were published on November 
29, 1979. These regulations set an MCL of 0.1 mg/1 of total trihalemethane ^ 
(TTHM). This is the arithmetic sum of the concentrations of chloroform, 
dibromochloromethane, bromodichloromethane and tribromomethane, rounded 
to two significant figures. 

These regulations would effect, -at the present time, only those supplies 
serving populations greater than 10,000 persons/ There is a phase in 
approach for -both monitoring and an effective date for the MCL for supplies 
of different sizes: The initial moniforing frequency would be four samples 
per* quarter taken all on the same day at different locations, in the distri- 
bution systems. The analytical methods that msy be used are the purge and 
trap technique or the liquid-liquid extraction' technique, both of which 
are published in the PS{je%al Register along with the regulations^ In 
addition, the following references are given. 

1) "The Analysis of Trihalomethanes in Finished Waters by the 

Purge and Trap Method f " Method 501.1 EMSL, EPA, Cincinnati, 
Ohio 45268. 0 

2) "The Analysis of Trihalomethanes in Finished Waters by the 

Liquid/Liquid Extraction Method," Method 501.2, EMSL, EPA, 
Cincinnati, Ohio '45258. 



III. National Academy of Science Study 

After publication of the Proposed and Irvterim Primary Regulations the EPA 
'is* required by the Act to enter into arrangements with the National 
Academy of Sciences to conduct a study. This study should determine the 
maximum contaminants levels which should be recomrfiended \nder the revised 
primary regulations in order to protect the health of pensoris from any 
/ known or anticipated adverse effects, and the existence of any contaminants - 
/ the levels of which in drinking water cannot be determined but which may 4 
have an adverse effect on the health of persons. 



The 'study was to be presented to Congress mo later than 2 years t after the* 
date of enactment of the Act. £PA will i^e this study in deciding whether 
to include any such contaminants in a revised Primary Drinking Water 
Regulations. * 



In conducting its stiidy the National Academy of Sciences is directed to 
consider only what is required to protect public health, not .what is 
technologically or economically feasible or reasonable. Based on the results 
. of • the NAS study, EPA may specify additional contaminants with adverse 
heaflth effects. It may establish new maximum contaminants levels. It may 
prescribe a Ttst "of Icnown water treatment techniques *hich will reduce the , 
concentration of any contaminant for which no maximum contaminant level is 
establisfied (e.g.^ viruses, organics, asbestos), or it may establish 
requirements for operation and maintenance. 
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Parameter 



• Limit 
mg/ liter 



Method 



Reference* 



Inorganic 

Arseniq 

» 

-Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Nitrate 

Selenium 

**5Tlver 

- Turbidity 
Fluoride 



Other than Fluoride 
0.05 



. I; 00 

0.01 

0.05 

0-05 
/ m 

q.002 

10-00 

o.oi 

0.05 

1.0TU 

Temp* Dep. 
See Table ; 



Atomic Absorption 
(gaseous hydride) 

Atomic Absorption 
(Std. Conditions) 

Atomic Absorption 
(Std. Conditions) 

Afcemic Absorption 
with Chelation Ext. 

Atomic Absorption 
with Chelation Ext. 

Flame! ess Atomic 5 
Absorption 



EPA 1 
to 95-96 

97-98 

101-103 

105-10*6 

112-113, 

T18-126 ' 



Std. Meth. (13th) ASTM' 



Brucine (Colorimetric) 201-206 
Cadmium Reduction 
(Colorimetric) * 

Atomic Absorption 145 
(gaseous hydride) 

Atomic Absorption # 146 
(Std. Conditions) 

Nephelometric 295-298 

Electrode 65-67 



SPADNS (Colorimetric) 59-60 
with distillation 



210-215 

/ 

210-215 



210-215 
210-215 



461-464 



210-215 

350-353 
172-174 



171-172 
174-176 



) 



396-402 



342-344 
340-342 



T 



Parameter 



Limit 
mg/ liter 



TABLE I (Cont'd.) 

Method 



Reference 



Organic 

Chlorinated ; > 

Hydlrocarbons 

Endrin 0.0002 

Lindane » 0.004 

Methoxychlor 0.1 
Tdxaphene , *0.005 

Chlorophenoxys 

2.4-D 0.1 
Si 1 vex • 0.01 



Gas Chromatography 

/ 



Gas Chromatography 

4 



EPA Method 



i 3 



EPA Method 



ASTM 
609-624 



595-602 



1 



Methods, for Chemical Analysis of Water and Wastes, EPA, Office of Technology 
Transfer, Cincinnati, Ohio 45268. 



Standard Methods for the Examination of Water and Wastewater, 13th Edition, 
1971, APHA, 1015 18th St., NW, Washington, DC 20036. 

3 ^ 

Method for Organochlorine Pesticides in Industrial Effluents, EMSL, EPA, 

Cincinnati , Ohio 45268. 

^Method for Chlorinated Phenoxy Acid Herbicides in Industrial Effluents, EMSL, 
EPA, Cincinnati, Ohio 45268. 

5 

Annual Book of ASTM Standards, 1977. Part 31. 



TABLE 2 
Fluoride MCL 



Temperature °C 



12.0 
12.1 



and below 
to 14.6 



14.7 to 17.6 
17.7 to 21.4 
21.5 to '26.2 
26.2 to 32.5 



MCL mg/1 

2,4 
2.2 
• 2.0 
1.8 
1.6 
4.4 



ERIC 



2;> 



El-5 



Type of , 
Contaminant 



Inorganic 



Organic 



Turbidity 



Water 
Source 



Surface 
Gnound 

Surface 

Ground 

Surface 



TABtfe 3 

Public Water Supply 
Sampling Requirements" 



Sampling Period 
Inltated Conclude By 

Coronunity Water Supplies 
6/24/77 6/24/78 



6/24/77 
6/24777 



6/24/79 

♦ 

6/24/78 



To be specified by 
State 

6/24/77 



Sampling Frequency 
Thereafter 



at yearly intervals 
every three years* 



every three years or 
as required by State 



• If MCL 1s 
\£xceeded 



collect 3 
addlti onal 
samples 1n 
one month 



To be specified by State 



must measure daily 



resample 
within one 
hour 



Inorganic- 
Nitnate % only 



Turbidity 



Non-Community Water Supplies 

6/24/79 



Surface 6/24/77 

and 
Ground 



Surface J2/24/77, 



To be specified by 
State 



must be measured 
daily 



collect 3 
additional 
samples in 
ofie month 

resample 
within one 
hour 



Report to Stat# any violations within 48- hours 
requirements. 

Report to State tests results within 40 days. 



, irrcHu 



uding violation of monitoring 
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National Secondary Drinking Water Regulations 

The Safe Drinking Water Act, Section 1412 C, required the'fPA^to propose 
national, secondary drinking water regulations. These regulations were to 
be propsoed within 270 days after the enactment of the Safe Drinking Water 
Act. Again, 'pliblic 'comment was to be requested and acted upon before 
promulgation of the secondary regulations. These secondary regulations 
are to be based on contaminants that tend to make water disagreeable to 
use, but that do not have any particular adverse public health effect. 

The secondary regulations were proposed on March 31, 1977, and appeared 1n 
final form on July 19, 1979, and included the following: 

TABLE 4 









, Reference 


Contaminant 


Limit 


Method 


EPA 


14th Std. Meth 


Chloride 


250 mg/1 ' 


Potentiometric 




OUO 


Color 


, 15 Color Units 


Platinum-Cobalt 

* 


36-38 


64 


Copper 


1.0 mg/1 


Atomic Absorption 


108-109 


144 


Cdrrosivity 


N on -Corrosive 


Reserved 






Foaming Agent 


* 

0.5 mg/1 


Methylene Blue 


157-158 


600 


Iron* * 


0.3 mg/S & 


Atomic Absorption 


110-111 


, 144 


Manganese 


' 0.05 mg/1 


Atojnic Absorption' 


116-117 


144 


Odor 


• * 

3 Threshold Odor Consistent Series 


287-294 


75 




Number 








PH 


. $.5 - 8.5 


Glass Electrode 


239-240 


460-465 ' 


Sulfate , 

> 


250 mg/1 


Turbidimetric 


277-278 


496 


TDS- -* 


50jOfmg^1 


Total Residue 


270-271 


© 91 


Zi nc . 


5 mg/1 


Atomic Absorption v 


155-156 


144 



These secondary regulations are applicable to all public water systems, Mt 
are not enforceable on the Federal level and are intended as guidelines for 
the states. However, depending an thatr legislation, may be enforceable v 
by the State. W . „ ^ 



V. Alternate Test Procedures Approval 



Section 141.27 of the National 
permitted the establishment of 
Analytical Methods. On March 
Two paraTlel e approval chains a 
procedure for national approva 
approved for- nationwide use wi 
Interim Primary Regulations in 



Interim Primary Drinking Water Regulations 
a procedurg for Approval of Alternate 
10, 1977, this procedure was established. ' 
re allowed, a case by case procedure and a 
1. Alternative analytical techniques 
11 be published as amendments to the 
Federal Register. 



Several alternate methods have 
been published in the Federal 



the F 



approved for nationwide use and have 
Register. 



TABLE 5 



Measurement 
Arsenic 



Arsenic 



Barium 
Cadmium 
* I Chromium 
Fluoride 

Fluoride 



Fluoride 



Fluoride 



Method v~« 



Flameless Atomic Absorption, Graphite Furnace 
Technique. Method 206.2. 

Silver Diethylditfiiocarbamata^Method, Ref:. 
"Methods for Chemical Analysisvof Water and 
pastes," pp. 9-10, EPA, Office V Technology 
Transfer, 1974. Method 206.4. 

^ Flameless Atomic Absorption, Graphite Furnace 
Technique. / . 

blameless Atomic Absorption, Graphite Furnace 
Technique. 

Vlameless Atomic Absorption, Graphite Furnac^ 
Technique. >. 

Automated Alizarin Fluoride Blue, Ref:> "Standard 
-Methods for the Examination of Water Smd Wastewater," 
14th,- pp. 614-61 6-, 1975. 

2 - 
Zirconium-Eriochrome Cyanine R, Ref: "Methods for 
Collection and Analysis of Water Samples for 
Dissolved Minerals and Gases," USGS, Book 5, Chapter 
A 1, pp. 90-93. 

Modified Automated Alizarin Fluoride Blue.' Ref. 
"Fluoride in Water and Wastewater Industrial Method 
#1 29-71 W" December 1972, 'Technicon Industrial Systems," 
Tarrytown, New York 10591. 

Automated Electrode Method. Ref: "Fluoride in Water 
and Wastewater," Technicon Industrial. Method I380-75WE. 
February 2,-1976, Industrial Systems, Tarrytown, 
New York 10591. . 



:RIC 



En 




28 



Measurement 
Lead 

Mercury 
Nitrate * 



Nitrate 



Organics 



Organics (Pestictdes) 



Organics (Herbicides) 



Selenium 

\ 



,Se]enium 

Silver 

Turbidity 

Sodium 



Method 

1 S 

Flameless Atomic Absorption, Graphite Furnace 
Technique. 

Automated Cold Vapor Technique, Ref : "Methods 
for Chemical Analysis of Water and Wastes," 
pp. 127-133, EPA, Office of Technelogy Transfer, 
1974. 

Automated Hydrazine Reduction, Ref: "Methods for 
Chemical Analysis of Water and Wastes," pp. 185- 
194, NERC, Analytical Quality Control Laboratory, 
1971. 

Automated Cadr/ium Reduction, Ref: "MetKods tor. 
Chemical Anallsis of Water and Wastes," pp.- 207- 
212, EPA, Office of Technology Transfer, 1974. 

2 Gas Chromatographic, Ref: "Methods for Analysis of 
Organic Substances in Water," USGS, Book 5, Chap'ter 
A3, pp. 24-39. 

"Standard Methods for the Examination of Water and 
Wastewater." 14th ed. 1975. Organochlorine Pesti- 
cides, Part 509A, pp. 555-564. 

"Standard Methods for the Examination of Water* 1 
•and Wastewater." 14th ed. 1975. Chlorinated 
Phenoxy Acid Herbicides, paht 509B, pp. 565-569. 

2 s 

Hydride generation - atomic absorption spectro- 
photometry, USGS, Methods 1-1667-77, 1976. 

Flameless Atomic Absorption/ Graphite Furnace 
Technique, Ref: Atomic Absorption Newsletter. 
U, No. 5, pp. 100-116, 1975. 

Flameless Atomic Absorption, Graphite Furnace 
Technique. 

Nephelometric method with styrene Divinyl benzene 
Polymer Standards. 

"Standard Methods for the Examination of Water and 
Wastewater," 14th ed., pp. 250-253 or "Methods for 
Analysis of Water and Wastes, p. 147. 



1 



The various furnace devices are considered to be atomic absorption techniques. 

Methods of standard addition are to be followed as noted on p. 74 of "Methods 

for Chemical Analysis of Water and Wastes," EPA, Office of Technology* Trans,- 
fer, 1974. ♦ ^ 
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2 / * 1 

Copies available from: Water Quality Branch/National Center, U.S. 1 

Geological Survey* -112201 Sunrise Vail ey Drive, Reston, VA 22092. * 

3 0niy the six pesticides* name^in the Interim Primary Drinking Water 
Regulations are included: Enorin, tirtdane. Methoxychlor, Toxaphene; 
2,4-D; and 2,4,5-TP (Silvex). Federal Register , Vol. 40, No. 248, • - 
pp. 59570-59571, December 24, ]97T. 

Additional information on th^method is available from the Environmental * 
Monitoring and Support Laboratory. Commercial products of Amco-AEPA-1 
Polymer are available from AMCO Standards International, Inc., 230 Polaris 
Ave., No. C, Mountain View, California 94043. 
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VI. Certification 

Section 1401 (1) of the Safe DrinKTng Water Act defines "Primary Drinking 
Water Regulations" to include "quality control and testing procedures" to % 
insure compliance with maximum contaminant levels. Pursuant to the Act, ^ 
the National Interim Primary Drinking Water Regulations, Section 141 arid 
142 require that for compliance purposes, "samples" will be considered 
only if they have beenTnalyzed by a laboratory approved by -the State, 
except that measurement -for turbidity and free chlqrine residual may be 
performed by any person acceptable to the State, and the State-must 
establish and maintain a program for certification of laboratories 
conducting measurement of drinking water contaminants. 

A "Manual for the Interim Certification of Laboratories Involved -in 
Analyzing Public Drinking Water Supplies" has been compiled. This manual 
describes how the Environmental Protection Agency will carry out a tentative 
program for interim approval and certification of its ten Regional labora- 
tories and principal State laboratories. States wi thout v certifi cation 
programs are encouraged to use this program as'a. model; States with equji' . 
valent or better certification programs are encouraged to continue and 
"improve. 

The manual describes^ evaluation procedures and minimum technical requirements 



recoflmjended for certifying laboratories analyzing public drinking w 
supplies. In addition to^jdentifying requirements that are critical 
generation of valid data, optional certification requirements have> 
included as guidance^. 
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SAMPLING 



I. INTRODUCTION 



With the intent of the Safe Drinktng , Water Act £eing the insurance of 
proper, drinking water quality, meaningful analysis of the water is im- 
perative to know if the water meets the standards. This analysis can 
only be meaningful if it is performed 'on a* sample that 1s representative . 
of the wat'fef to be analyzed. Consequently, the proper sampling technique,' 
use, of proper containers, ^proper preservation and adherence to the set 
frequency of sampling must be carefully observed*. # 

In many instances the laboratories themselves will not be responsible 
for sampling. However,' it is necessary that all laboratories be aware of 
what constitutes a "representative, properly taken sample. Ttkis the re- 
sponsibility of all laboratories sampling for parameters WTdgjJ the Safe 
Drinking Water Act te^call for a resample if the sample~ffbes not meet proper 
sampling procedures. Tq analyze a sample which has been doubtfully taken 
is to present data which is dubious in meaning. If the laboratory is 
responsible for taking^the samples, it is doubly important that' the persons 
in the laboratory b£ aw&re of proper techniques. 

There is at this time underdevelopment a "Handbook for Sampling and Sample 
Preservation of Water and Wastewater" by the U.S. Environmental Protection 
Agency. ' When tfis book is available it will serve as a good reference 
source on the ttplc of sampling. - 

The Sampling sectfon of the Criteria ahd^Procedures Document' for Laboratory 
Certification spells out the mandatory requirements that musVbe adhered to 
for the^drlnklng water sampling. It is attached here for student reference 
as tffis outline*is read. ' . 1 
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It has been .suggested that one of the certification 
the staff of the regional* water supply staff. -This 
responsible to assess the following: 

^ A* Choice H^f sampling location 

B. Proper sampling procedures , 

C. Samp/I evident 1f ication 

D. Prompt sample transport to 'the laboratory 

E. SaihpHng frequency 

F. Bafl-simple follow-up 

G. Dissemination of data by the laboratory and use 
by the water supply supervision program 

II. MONITORING REQUIREMENTS ' s 

^ A. Inorganic 

i 

1. Analysis for all community water systems utilizing surface water 
sources shall be completed within one year following June 1977. 

v ' These analyses shall be repeated at yearly intervals.. ^ 

2. Analysis for all community water systems utilizing only ground 

♦ water sources shall be completed within two years of June 1977. 
Tfiese analyses shall be repeated at three year intervals. 



of the data 

/ 
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3. For non-community water systems, whether supplied by surface or ground 
/ *ate r sources, analysis for filtrate shall be completed within two yWs 

uPs ° un £ These analyses shall be repeated at Intervals determined 

by the state or other regulatory agency. . 



Parameter 


Preservative* 


Container^ ' 


V Maximum 
hoTd+flg time 


Arsenic . 


Cone HN0 3 to pH<2 


P or G 


6 months 


Barium 


Cone HN0 3 to pH<2 


- P ar G 


6 months' 


Cadmium 


Cone HN0 3 to pH<2 


P or G ^ 


6 months 


Chromium • 


Cone HNOj to pH<2 


K P or G 


6 months 


Lead 


Co/tc HN0 3 to pH<2 


P or G 


6 months 


Mercury 


Cone HN0 3 to pH<2 


G 

p 


38 days 
14 days 


Nitrate 


Cone H 2 S0 4 to pH<2 


P or G 


14 days 


Selenitan 


Cone HN0 3 'to pH<2 


P or G 


6 months 


Silver . 


Cone HN0 3 to'pH<2 


P or G 


6 month? 


Fluoride 


None 


P or G • 


1 month 


Chlorinated 
hydrocarbons f 


Refrigerate at 4°C 
as soon as possible 
afteTr collection 1 


G with foil or 
Teflon-1 ined C *P 

f « 


H days* 3 * 


Chlorophenox>^ 


0 

Refrigerate at 4°C 
as soon as possible 
after" collection 


5 with foil or 
Teflon-J^fned cap . 


7 days (3) 



(2) 



(1) , P = Plastic, hard or soft, G = Glassr, hard or soft 

(2) ( In all cases, samples should be analyzed as soon after collection as 

possible, » . . 

t3) >/ell -stoppered and refrigerated extracts can be held up to 30 days. # 

(4) If a laboratory has no control over these factors, the laboratory director 
must reject'any samples not meeting these criteria and' so notify the authority 
requesting the analyses. 

(5) If nitric add cannot be used because Of shipping restrictions, sample may be 
preserved by icing. Upon receipt in the -lab, the sample must.be acidified with 
cone* HNOj to pH>2. At time ot analysis, sample container should be thoroughly 

rinsed with 1:1 nitrie acid washings added to the sample to be processed for 
subsequent analysis*. 



4. When the maximum contaminant level is surpassed, the^frequency of 
resample shall be designated by the state and shall continue uajMl 
the, maximum contaminant level has not been exceeded in two successive 
£ samples or until a monitoring schedule as a condition to a variance, 

exemption or enforcement action shan become effective. 

B. Organic » 

1. For all conmunity water systems utilizing surface water sources, 
analysts shall be completed within one year of June 1977. Samples 
analyze^shall be collected during, the neriod of the year designated 
by the state as the, period when contamination, by pesticides Js most 
likely to* occur. These analysis shall be repeated at intervXs 
specified by the State, but in no Jess frequency than at three^* 
year intervals. 

2. For community water systems utilizing only ground water sources, 
analysis shall ^completed by those systems specified by the 
State. ^ 

3. If the results of jLx\ analysis indicate that the level of any con- 
taminant exceeds the maximum contaminant level, the Supplier of 

• water shall report to the State within 7 days and initiate three 
additional analysed within one month. 

4. When the average of four analyses exceeds the maximum contaminant 
level the supplier of water shall report to the State. Monitoring - 
after public notification sha^l be at a- frequency designated by 

the State and shall continue until the maximum contaminant level 
has. not been exceeded in two successive samples or until a moni- 
toring schedule as a condition to a variance, exemption or enforcement 
actiorr shall become effective. 

SAMPLE CONTAINERS 

A. Types > t 

Generally two types of containers are acceptable; these are glass and 
plastic, Plastic is the more convenient from a shipping standpoint; 
howe\er, plastic may^not be used for the,organic parameters. The glass 
containers should preferably be made from a hard borosilicatc glass 
(Kimax or Pyrex; however, other forms may be used). 

All these various materials have certain* advantages m and disadvantages. . 
The hard glass is inert. to most materials. Conventional polyethylene 
is to be used when plastic is acceptable because of reasonable cost 
and less adsorption. Disposable type plastic containers, such as the 
.molded polyethylene "Cubitainer," are convenient to use. - 

Usually, a wide mouth container is preferred. This allows easy sample 
removal and easier cleaning. * 

Depending on the State or Regional 'requirements, three or four con- 
tainers will be needed for a complete analysis. Usually, a one gallon 
or equivalent size plastic type container will suffice for the metals 
analyses. A one tjuart or equivalent plastic container is needed for 

\ -\ . E2-3 
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th#nitrate sample. A glass container holding about a quart with, a 
foil or Teflon lined screw cap is required for analyses of the 
organics, and finally, a one quart plastic type container will, be 
needed for th& fluoride parameter. 

Considering the section on frequency of monitoring, the following 
^are needed for each public water supply in one, years time: 

1. One 1 gallon plastic container 

2. Two 1 quart plastic container * 

3. One 1 quart glass container v 

• t. 

Additional containers would be needed for resampling needs. A non- 
community supply would probably need one 1 quart plastic container 
each year unless resampling is to be carried out. * ' — 

In addition to the'containers themselves,, some type of shipping 
container must be provided for each sample container. These shipping 
containers can usually be purchased from the supplier of the actual 
sample container. . 

B. Preparation and Shipment of Containers 

Individual responsibili ty' to provide, maintain and plean sample con- 
tainers is dependent on how the State has elected to carry out the 
certification program. The laboratory or the authority could purchase 
in large lots and make available sets of containers to each supply or 
the State may elect to require the supply to provide their own con- r 
tainers. Generally speaking, the elastic containers should not be \ 
reused for any trace analyses, that is, , the metals. The glass 
containers should follow the suggested 'cleaning procedure, including* 
.muffling f at 400°C for about 15 minutes. Once cleaned, these containers 
stiould be stored and shipped jn such a manner as to prevent recontami nation 

Should the decision to reuse plastic containers be made, they should 
be cleaned carefully before reuse. There are several cleaning methods 
available. Choosing the best method involves careful consideration 
of the'nature of the sample and of the consti tuent(s) to be determined. 

1. Traces of dichromate cleaning solution will interfere with metal 
analyses. Use, 1:1 nitric acid wash. 

2. Traces, of nitric acid may interfere with the nitrate analysis. 
Use detergent with thorough rinses with tap and distilled water. 

Shipping .the containers to the sampling locations should take into 
consideration the numbers to be shipped and eliminate any contamination 
chances. The shipping container<\to be 4 used in transporting the sample 1 
itself to the laboratory must be provided either as a container for 
the empty sample container or in bulk form. 
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One item that raust be given) consideration is the preservative. Postal 
\regu1ations wjll not permi / mail ing Of acids, particularly nitric 
•kid. Consequently, these materials, must be purchased locally or 
shipped -by truck or other common carrier. If the materials are to be 
purchased locally, the purity must be rigidly controlled to assure no 
contaminants are present to effect results. 

Even wrten the preservative nitricacid has been added and diluted by 
the sample, postal restrictions may preclude the use of the mails. 
Therefore^ a special footnote has been added to the certification 
procedures\al lowing an alternate icing foil-owed by acidification upon 

receipt of \the sample in the laboratory. 

\ 

When shippi ng, th e sample to the laboratory for analysis, sufficient 
time should be allowed to assure that the holding times are -not sur- 
'passed. Alternate forms of transportation |hould be checked out^before- 
hand to allow use if needed. The 'sample .container must be protected 
from physical damage in shipment and sufficient coolant added to the 
- ice chest or other form of insulated container to last through the 
duration of shipment. Caps should be checked when the sample is. taken 
to assure that they will not leak. Upon receipt in the laboratory, 
any deviation froiij the mandatory 'sampling requirements, i.e., preservative, 
holding times, should be noted and, if necessary,' a resample ordered, 
immediately. 



IV. SAMPLE COLLECTING 

According to the" National' Interim Primary Drinking Water Regulations, 
section. 141 .2(c), the sampling location is the "free-flowing outletof 
the ultimate consumer." Since this represents a'minimal effort, one 
sample can be taken 'at any point in the distribution system and fulfill 
the regulation. Some States may require more frequent sa mpl e s a t random 
locations, or a single composite sample taken- at various locations. 

The exception to this sampling location is the turbidity sample which > 
must be taken at the point of entry of the water into the distribution 
system. 

When collecting •the sample, the tap should be run to assure that the 
water collected is from the distribution system and not from the private 
pipes The sample container should be flushed two or three times before 
the actual sample is taken. The container should not be filled completely 
to allow extra. volume for effects of temperature during transit. The . 
preservative, if any, should be carefully added to the container, the 
container capped and the sample shaken. f 

If the sample is to be cooled during shipment, the sample container 
should be placecMn an insulated container and sufficient coolant added 
to last during shipment. 



The sample should be labeled to identify it during future analyses, 
information should include: - * 

A. Date, place and time of sampling; name of person collecting the 
sample* . 



The 
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B. Identification of -the sample as to whether it is a routine distribution 
. system sample, check sample, raw or process water sample, or other 

special purpose sample. 

C. Analysis to be run on the sample as well as any preservative added and 
what amount has-been added. 

D. Any other remarks that the sampler thinks is necessary. 

This information should be affixed to the sample container in such a way 
as to assure that it will not become separated in later handlings. * 

The Criteria and^ Proceed res Document for Laboratory Certification states 
that chain of custody procedures must be carried- out on all samples taken 
for potential enforcement actte only. The exact procedure and directions 
•on this procedure should be oBned from the appropriate certification 
authority. ^ 

FIELD MEASUREMENTS 

As set down in the act, there are two types of analysis which may be 
carried out in other than certified laboratories. These are the analysis 
for residual chlorine and turbidity. These measurements may be carried 
out in the field. In addition, should any other information about the 
sample be required, such as pH, temperature, etc., these should also be 
carried out in the field. It is not the scope of this outline to discuss 
the procedures involved in these analyses. Procedures on the residual 
chlorine and turbidity have been included in this manual for information 
purposes only and may be found under Tab E. 

State regulations may require additional procedures to be carried out by 
th$ person taking the sample. The Interim Primary Regulations do not. 

- SUMMARY 

i 

Proper sampling is the foundation of meaningful analytical results. Con- 
sequently, a laboratory should know what constitutes a meaningful sample 
in order to judge when a resample<is necessary due to Improper sampling, 
preservation or handling techniques. 

The preservative to be added, the type of container and the holding times 
are spelled out in the Criteria and Procedures Document in a mandatory 
section. 

The laboratory Certification Officer must evaluate whether or not the 
laboratory is conducting a proper sample receipt procedure and, if it has 
the responsibility, a proper sampling of the water/ suppl ies. 
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STATISTICS FOR CHEMISTS 
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I INTRODUCTION 

A Statistic a may be defined, for xmr purpose, 
as a collection of methods which have been 
developed for handling numerical data 
pertaining to samples or portions of entire 
populations* 

B The statistical methods with which we wOl 
concern ourselves deal with the presentation 
and analysis of numerical data from samples. 



H FREQUENCY 

A Definitions 

' I Frequency - indicates how many times 
a particular score occurs in a collection 
of data 



2 Frequency table - a tabular arrange- 
ment of data, ranked in ascending or 
descending order of magnitude^ 
together with the corresponding 

frequencies 

y 

3 Frequency histogram - a set of 
rectangles having bases on a horizontal 
axis with centers at the given scores 
and heights equal to the corresponding 
frequencies (See Figure 1) 

4 Frequency polygon - a line graph of 
frequencies plotted against scores 
(can be obtained by connecting mid- 
points of tops of rectangles In the 
frequency histogram) (See Figure 1) 



Figure 1 

' Frequency Histogram k Frequency Polygon 
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B Application 

Consider the application of the above 
definitions to the following set of data, 
obtained from twelve determinations for 
chloride in water. 



Results i 

100 101 ,99 

101 100 100 
99 102 100 
98 101 102 



number of, observations the median is 



x n +.x D 

1 2 +1 



, the average of the 



middle two scores. 

A Mean - arithmetic average of all the 
> values -injthe sarriple distribution, de* 
noted by X. The formula for calcula- 
ting the sample mean is 

n 

n 

x»i!l 



fable 1 
Frequency Table 
Chloride (\igll) 



Frequency 



98 
99 
100 
101 
102 



1 
2 
4 
3 
2 



m MEASURES OF CENTRAL TENDENCY ~ 
A Definitions 

1 Central tendency,- the tendency of 
values to cluster about a particular 
value In the distribution. 

2 Mode - that value which occurs most 
frequently 

3 Median - midpoint of an array of 
scores. If there is an odd number of 
observations, n; the median is 

X n±L X n + 1 represents 

the ^~ value In the frequency 
distribution. u there u ^ eyen 



X * ~ n where the^e are n number- 
. . of values. 



B Aids In calculation of the mean 

.Application of the following two statements 
can reduce errors and amount of time 
spent In calculating the mean of a > 
distribution. 

1 Adding or subtracting a constant to or 
"from each score' In a distribution is 
equivalent to adding or subtracting the 
same constant to or from the mean of 
the distribution. Thus the following 
formula: 



X - X± C 

c 



where the X^s are the 

values in the distribution with mean X, 
and the Xj ± C's'are the^ values in the. 
distribution with mean 5L. 

Multiplying or dividing each score in 
a distribution by a constant is equivalent 
to multiplying or dividing the mean of 
the distribution by the same constant. 
Thus the following formulas: r 

(1) X c -CX 

« 

or 

(2) X c » ~ where the X^s are the 
values in the distribution with mean X, 
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and thcCX/s or the ^-'s are the Denote the mean of- the distribution in k 

*u a* Tab 1 © l^yX . If we add 100 to eaoh 

values in th$ distribution with mean . ' a . . m wi o ~ « 

— ^ score in the distribution In Table 2, we 

c y . * , obtain the scores in the distribution in 

. O . Table 1; likewise if we add 100 to the 

C Application * ' mtean, X, of the distribution in Table 2, 

r wq obtain the mean, X , of the distri- 

• Consider the application of the above button in Table 1. s 

definitions to the previously mentioned * 

set of* data, obtained from' twelve deter- j ' Thus X ■ X +' 10d 

ndnations for chloride in water, shown 1 ° f 

in Table 1. — EX 



X 31 + 100 
c n 



1 Mode * 100 



X 2 +X^ , T: >- K-2) + 2(-l) + 4(0) + 3(1) + 2(2) |1QQ 

2 Median. 2 , 2 - **1±*2 ° V ' \" '/ 

100 + 100 lrtn ' * c " - 25 + 10 °- 100 - 25 * 



100 



3 Mean «^~* IV MEASURES OF DISPERSION 

» n ' / * $ 

9 98 + 2 (99) + 4 (100) + 3 (101) + 2 (102) A Definitions 

12 

m 2qq. 25 1 Dispersion - spread or variability of ' 

^observations in a distribution 

4 Aid in Calculation 

2 Range - the difference between the 
Consulting Table 1 and observing that highest value and the lowest value 
the values are in the neighborhood of 

100 we might subtract 100 from each A R a max - min 

score and obtain the following distribution; 

3 ^Average deviation - the sum' of the 
deviations of the values from their 

d - mean, without regard to Agn, divided 

Table 2 by the total number of data values (n) 

* Frequency Table 

— * r. The. formula for calculating the average 

Chloride (iig/1 ) Frequency deviation is: 

-1- • . , 2 , n 

0 4 . 



i . \ 3 



«> 



2 



4? 



Hi 
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4 Average deviation of the mean / (0) r 
the average deviation of Individual 

_jkrtSi items from the mean (d)*divided 
by the square root of the number of 
data ttems (n) 

The definition of the average deviation 
t>f the mean can be expressed by the • 
formula: ' 
d 

D ■ { — 

• v „ n 

5 , Variance - the sum of the squares of 

the deviations of the values from their 
> mean divided by the total number of 
* data values (n) minus 1 

The definition of the-' variance can be 
expressed by the following formula: 

2 ccfct -5c) 2 

8 ■ n - 1 * 

6 Standard deviation 
*of the variance 



The definitiontof the standard • 
deviation o^the mean can be 
expressed by the formula: 



Relative standard deviation - the 
standard deviation (s) expressed as 
a fraction of the mean, s 

/ * , 

The 'relative standard deviation ifi 
often expressed as a percent. It is 
then referred to as the coefficient 
of variation (V): 



v - X 100 
X 



% 



the square 



roA 



The relative standard deviation is 
particularly helfrf^vhen comparing 
the precision of^Mbiber of deter- 
minations on a g^PPsub stance at 
different levels of concentration. 



B Aids in CalculatiA 



The definition of the standard deviation 
.can he expressed by the following 
fohnSltfV A 



r 




However, the formula 'commonly used 
because of its adaptability to the hand 
% ca}cu]ator # is the following: 

/ - 



ApplicaUojutf-the following statements 
can reduce errors and amount of time 
spent in calculating the variance or 
standar deviation of a distribution. 

1 Adding or subtracting a constant .to* on 
from each score in a distributipn 
doesn't affect thecvariance or standard 
* deviation of the distribution^ 



Thus the following formulas 

2 2 



(ZXi)' 



(1) 

(2) 



s « 



n - 1 



where there are 
n number of values. 



Standard deviation of the mean (S) - the 
stan A«t deviation of individual mta 
items (8) divided by the square root of' 
the number at data items (n) 



v w^iere the are the values in 
the distribution with variance s 
and standard deviation s, and the 
» Xpf C's are the values in the 
distribution with variance s 2 
and standard .deviation s . 0 
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I Multiplying or dividing each score in 
a distribution by a constant is equivalent 
to multiplying or dividing the variance 
of that distribution by the Ajuare of the 
same constant. 

Thus the following formulas: 

(1) s^ 2 *C 2 s 2 

~T5V a} - 4 

c c z 

» where the Xf's are the values in 
the distribution with variance s 2 , 

and the CXj's or the _£ 'a are 

tWe values in the distribution with 
variance s c 2 . 

Multiplying or dividing each score in a 
distribution by a constant is equivalent 
to multiplying or dividing the standard 
deviation of that distribution by the 
same constant. 

Thus the following formulas: ' 

s * Cs ' 



(1) 
or 
(2) 



s ■ - 



where the Xi's are the values in 
the distribution with standard 
deviation s, and the CX i *s or the 

'a are the values in thef 

C 

distribution with standard 
deviation s . 



C Application 



Cons ider the application of the above 
definitions to the previously mentioned 
set c£data, obtained from,twel£e 
deteasnatlons for chloride In water, 
H B. Tabie 1.' 

?e - 102 -98 - 4 



2 Average deviation - d * a X * 



n 




I*- XI 


nlXi- Xi 


1 


98 


2. 25' 


^2. 25 


2 


99 


1,25 


2. 50 


4 


100 


. 25 


1. 00 


3 


101 


. 75. 


2. 25 


.2 


102 


i. 75 


' 3.50 




X » 100. 25 




11. 50 



d _Z >Xj- XI 11.50 
n 12 



. 96 



3 Average deviation of the mean - 

d » * 

D ■ 

» 

Using calculations from number 2, 
D .J.- 0^98 -0^96 . Q 28 

ST5 3 ' 46 



4 Variance - s 2 - S(X i " ^ 

n- 1 



d 

1 



Xj 

98 



Xj-x (Xj- 5b 2 . n(Xi- X) 



^2 



2 V-J99 
P 100 

3 - 101 
2 102 



-2. 25 5. 06 
I 

-1.25 1.56 



-» 25 

+ . 75 

+1«. 75 



v\2 



^_ V(Xi- X) 

J B -' 



. 06 
. 56 
3.06 

16. 22 



5. 06 
3. 12 

. 24 
1. 68 

6. 12 
16. 22 
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5 Standard deviation 



ZXi 



s ■ 



n n 11 A « 



48 



n 




nXi 






1 


98 


98 


„ 9604 


9604 


2. 


99 


198 


9801 


19602 


4 


100 


400 


- 10000 


40000 


3 


101 


303 


10201 


30603 


2 


102 


204 


10404 


20808 






1203 




120617 



8 * 




'120617 - 120601 
11 



& Aid in calculation - * 
# 

Recalling that adding or subtracting a 
constant to each score in the distri- . 
button doesn't affect the variance or 
the standard deviation of. the distribu- 
tion we can simplify the computations 
t by first subtracting 100 from each 
score in the distribution, thus obtain- 
ing the frequency distribution shown 
in Table 2. 



n 
1 
2 

4~ 



fr-C n(Xf-C) (Xj-Cj 3 , noq-c) 2 
-2-2 4 4 

-1 %-2 1 2 



3 
2 



1 3 

2 4 

3 

zx 2 - £*i> 2 

n 



1 
4 



3 
8 
17 




1.22 



n - 1 



7 Standard deviation of the meariv 



i 



n - 1 



Usinj| calculations from number 6, 

S-.-L- Ul. -Li* . 0 35 
fn ^T2 3 - 46> 



8 Relative standard deviation expressed 
as a percent (coefficient of variation) 



V X100 
X 



Using calculations frojn numbpr-6 for 
B ■ 1, 22 and from number 2 for 
X ■ 100.25, 



8 

X 



1.22 
100.25 



X- 100 ■ 1.21% 



Figure 2 
Normal Distribution 6urve 
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4 V INTRODUCTION TO NORMAL 
DISTRIBUTION CURVE 



Statistics deals with theoretical curves 
which are smoother than frequency J e 
polygons, obtained frt>m experiments fa 
real life. However, frequency distribu- 
tions or frequency polygons of experimental 
data often approximate a mathematical — 
function called tfce "normal" distributidn 
curve, (See Figure 2) T - 

Figure 



As shown ifi Figure the frequency polygon 
for the 12 determinations for chloride In 
Vwater is a fairly good approximation of the 
normal curve. ' If, however, in the chloride 
determinations we had obtained 103 Instead 
of 98 and 104 instead of 99 this distribution 
would not have* been a good approximation of 
the normal curve, as is shown in Figure 4. 



Comparison of Normal Cux 



'and Frequency Polygon 



c 

4) 
3 

u 




Comparison of Normal Curve and Frequency Polygon 

4. 



O 

c 

4> 

3 

u 
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B If a frequency distribution is a good 
• appr oxim a ti o n of the normal curve, we 
can use some bets about the normal 
curve to give us information abput the 
. frequency distribution. 



Figure 5 shows -this normal distribution ^ 
in terms of the population mean \i, and "* 
the standard deviation of the population 
r o , and gives the percent of area uncjer 
the curve between certain points. 



Figure 5 



Normal Distribution Curve 
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We ^ay check the distribution of sample 
data to see if it is a ( "normal" distribution 
Ui the following manner. Substitute the 
Value H the sample mean (X) for the .value * 
pf the midline aAd substitute tije value of 
' the sample -standard deviation. (8) for the 
limits of the value span* where we m ig ht 
expect certain percentages -of the data 
. items to occur. Theft w$ can check 1 the 
number at data it em I* which actually do 
occur within these value spans. 
*.* >. 

. Figure 6 demonstrates this application 
using the chloride data- values from Table ,1* 
The data values are marked on the hori- 
zontal line, and the frequency" of the — 
occurrence of each Value is marked on the 
verticals vThe mlrfHn* of the distribution 
is m&rkea^tt the value of the sample mean ■ 
OT » 100, See m C 3). The value of the 
sample standard deviation (s * 1.21r f See 
IV C 5) is used to mark value areas under 
the curve where different percentages of 

• data values will probably occur. 'Thus* 
for the area X ± Is, X - Is - 98. 79 and 
X + l *'* 101.21. Therefore, according 

' to the normal distribution curve shown In 
Figure J, we might expect about 68%^of the 

' data iifema to have values between 99* and 
101. (The values are rounded to whole 
numbers since the data values are tht6 
recorded). 



It would "be good to become as famili a r as 
possible 4 with the. normal distribution since 
aif underlying normal distribution is 
assumed for many statistical tests of 
hypothesis, . 
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Consulting Table 1, we find that 75% or 3 
of the 12 data items have values in this 
range. This percentage is shown in 
Figure 6 by the frequency polygon for the 
data shown earlier in Figure 3. 

Likewise assuming a normal distribution, 
we would expect 95% of the observations 
to Jie within +2 a ! s from the population 
me a n. - In- fact, 100% of th e obs e rva tions — 
were within V '2 s's from the sample mean. 

In both cases the observed percentages are 
reasonably close to the expected percentages. 
Other tests exist for determining whether 
or not a frequency distribution might 
reasonably be assumed to approximate 
the normal distribution. 
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> QUALITY CONTROL 

I. INtRODUCTION 

The purpose of the Safe Drinking Water Act is to assw^the public of an 
adequate supply of safe water.' To achieve this, maximum levels of certain 
contaminants were proposed along with the prescribed methodology for analyz- 
ing for these parameters. When a laboratory performs these analyses, the 
laboratory -should practice quality control to assure that the results being 
reported are t^ue values : and not in error. 

Data developed from these examinations must be reliable and beyond reproach. 
The data^can be used for making Judgments on technical operation in water 
treatment or in legal actions, involving public health hazards". For these 
reasons the U.S. Environmental Protection Agency in its Manga! for the 
Interim Certification of Laboratories Involved in Analyzing Public Water 
Supplies has set down some required and some optional quality control 
procedures. ■ . 

/*" 

The entire section contained in the "Manual for Certification" document is 
considered as the minimum acceptable program on quality control that a * 
. laboratory can carry out and still expect reliable results. Most labora- 
tories will want to go beyond these minimum requirements and include more 
< qua! ity* control . 

*• 

This outline will cover 'the minimum quality control procedures, then go 
into the optional portions and proceed further into some ideas not in the 
Manual for Certification document. The reasons for going further are to 
' acquaint laboratory certification personnel with sufficient information . 
to be able to evaluate- whether the laboratory has complied with the minf- 
mum sections and allow the Certification Officer to recommend further 
procedures.' The topic of quality control fromall aspects in a laboratory 
is well covered in the" Handbook for Analytical Qua! i ty /.Control in, Water and 
Wastewater Laboratories produced by the EPA and available from the Office 
of Technology Transfer. The Certification Officer should keep in mind that 
technical assistance' to the laboratory he is evaluating is of prime impor- 
tance because through this assistance he k can upgrade the laboratory to 
produce better results. 

Assistance to state Certification Officers can be obtained from the regional 
certification authority, the Analytical Quality Control Officer in the region, 
or from Environmental Monitoring and Support Laboratory in Cincinnati, Ohio. 



The Quality Control section of the Criteria and Procedures document has been 
attached for the use of the trainee. 

II. QUALITY CONTROL FOR CHEMICAL ANALYSIS 

A. Minimum Requirements 

1. All quality control data must be available for inspection. 
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2. Laboratory must ahalyze art unknown performance sample (when 
available) once per year for parameters -measured. Results must 
be within the control limits established by EPA for each analysis 
for which the laboratory wishes io be certified. If problems 
arise,' appropriate technical assistance wil nieTprovided, and a 
follow-up performance sample should bd analyzed. 

3. Minimum Daily Quality Control 

a. After a standard reagent curve composed of a minimum of a reagent 
blank and three standards has been prepared, subsequent standard 
curves must be', verified by use of at least a reagent blank and 1 
one standard at or near the MCU .Daily checks must be within + 10 
.percent of original curve. 

• . 

b. ' If 20 or more samples per day are analyzed, the working standard ■ 

curve must be verified by running" an additional standard at or 
near .the MCL every 20 samples. Checks must be within + 10 per- 
; cent of original curve. 

i 

Optional Requirements: Tl^e following quality control requirements are 
optional . 

1. Current service contract is in effect on all balances. 

" i 

2. Class S weights are available to make periodic checks on balances. 



i 

i 

/, 



3. Thermometer certified by the National Bureau of Standards (or one 
of equivalent accuracy) is available to check thermometers in ovens, 
etc. / 

/ 

4. Color standards ojjr^ their equivalent are available to verify wave- 
length settings qn spectrophotometers. 

5. Chemicals dated upon receipt of shipment and replaced as needed or 
before shelf life has been exceeded. . 

6. Criteria have been established for a laboratory analyzing supply 
samples other than its own:- 



a. Laboratory should perform on a known reference sample (-when 
available) once per quarter for the parameters measured. The 
measured value should be within the contr ol limit established 

- by €Pft for each analysts "T6T which the laboratory wishes to be 
certified. * 

b. At least one duplicate sample should be'run every 10 samples, or 
with each set of samples, to verify precision of the method* 
Checks should be within the control limits established by EPA 

for edch analysis for which the laboratory wished to be certified. 

c. Standard deviation should be calculated and documented for all 
measurements being conducted., 

d. Quality control charts or a tabulation of mean and standard 
deviation should be used to document validity of data on a 

vdally basis. A ( 



equirements 

All quality control data must be available for inspection* This 
statement assures the availability of the data. The person certifying 
the laboratory might wish to make use of these data ttf assure himself 
that the laboratory is practicing quality control and to what extent. 
After an amount of data have accumulated, it can serve as a record of - 
a continuing type of quality control rather than a sporadic, hit-o/ 
miss type, 'At any time, should there be questions on-the reliability' 
of any data, the quality control records will be available to show'the 
reliability of the data produced during the time period in question. 

The guidelines for data reporting recomrend that the records of chemical 
analyses should.be kept by the laboratory for not less tjiaa-^hree years. 
It would seem prudent that all quality control data Jje^tept f^^Lne 
period of time, 

Da.ta required would include a record of the results of the yearly per- 
- * formance sample, a standard curve for each method the laboratory has been 
certified for, the records showing a check of this curve daily or each 
time the anaJysJs is carried out. If the laboratory analyzes 20 or* more * 
samples per day, records should include the value of a standard run after 
every 20 samples. Again, this is for a minimal program and it would be 
well for laboratories to adopt at least the recommended procedures listed 
in the Manual for Certification document, 

2, Laboratory must perform on an unknown performance sample once per year 
for parameters ^measured. 

In a minimal program this yearly check sample would be the first 
external indication of a problem in a laboratory to the certifying 
authority. The required daily quality control data would not lye 
sent to the certifying authority. If unacceptable answers wetfe 
obtained for one or more parameters, the laboratory would be /asked to 
analyze a follow-up performance sample. If continued problems existed,* 
the certifying authority could offer some form of technical assistance . 
to rectify the problem. If the data is borderline or perhaps sporadic 
in nature, the Certifying Officer might wish to schedule his next visit 
at a time when the questionable analytical method is being performed. 

The principal state laboratory, as well as local laboratories, will be 
required to analyze an unknown performance sample. This sample will - 

be provided by the regional auth ority which will c ertify that labora- 
tory in each state. The U.S, Environmental Protection Agency also 

^ plans to make available to states samples which can^be used as per- 

formahce samples for local laboratories which the state has responsi- 
bility for certifying. The performing laboratory will be given results 
of their analysis in terms of being* within or out of the acceptable 
limits. 

Results must be within the control limits established by EPA for each 
analysis for which the laboratory wished to certified. 

The laboratory will be informed* if they have or have not complied with* 
this requirement by the authority supplying the performance sample. 

u 
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3. A standard curve must be prepared and kept for each parameter the 
laboratory analyzes for. This curve must be prepared with a minimum 
of blank and three standards. The references for the analytical methods 
will provide .the laboratory with the range of the test. Good procedure 
would dictate choosing the thrie standards to cov^r this entire range. 
A high, low and mid-range standard would be best to run. In order to 
assure good coverage the laboratory should be encouraged to run more 
than the minimal requirements assisted above. A good recommended 
procedure is to prepare the initial xurve with a blank^and eight * 
standards covering the entire ?ange. 

-If more than one analyst will run the same test, it would 'be wise to 
have each analyst check -their prrocedural technique by checking the 
standard curve. 

/ 

After the initial curve has been established, ft should be verified 
- by the use of at least a reagent blank and one standard which has a 
concentration at or near the MCL of the contaminant. Again, the Certi- 
fication Officer should encourage more than the requirec minimum 
daily check. The recommendation for good technique recommends a 
blank and two standards, one high and one low concentration. 

. These required daily checks of the standard reagent curve should 
be within ♦ 10% of the original concentration value. For example, 
if the MCL was 0.50, a standard at this level analyzed as an un- 
known should fall. between 0.55' and 0.45. If not, the analyst 
should check in the followinq Order: 

a. Any variabl^ instrument Parameters' 

b. Rerun chec£ samole 

c. Prepare new standard 

d. Prepare all reagents fresh 

e. Check shelf life of chemicals 

f. Check instrument. 

If the value persists at the new value through all this, then the 
analyst should prepare a new standard curve. 

The -laboratory Certification Officer should check to see if the 
daily records indicate that the curve has been checked (blank and 
1 standard) and verified after each 20 samples with' a standard run. 

Guidelines * *" ' 

The following items are classed in the Criteria and Procedures document* 
as recommended. However, a certaty amount of importance must be attached 
to each item. The cownittee preparing the document felt strongly enough 
about these Items to keep them in the document. Common laboratory 
practice would assure that these items be carried out. 

t oil 



1: Current Service Contract on All Balances 

' The analytical balance is of great 1mportanc0 < 4rKa laboratory. As 
reagents are weighed on this piece of equipment, care must be" taken 
to assure that' it is in good working order. The laboratory Certi- 
fication Officer should question the head chemist as to the existance 
of a service contract on the balances. Should the laboratory Certi- 
fication Officer need additional information on proper <care, of a 
balance there is a section in the Handbook for Analytical Quality 
Control in Water and Wastewater Laboratories. / 

2. Class S Weights Available to Make Periodic Checks on Balances. ^ 

This could be included as part of the routine service contract or 
a set purchased and shared with the bacteriological laboratory 
which will also have need for them. A very complete-Tit of directions 
for checking the performance of a balance' is contained in Part 30 of 
ASTM Standards. * 

3. NBS - Certified Thermometer Available to Check Thermometers in Ovens, etc. • 

Again this item could be a shared item between chemical and. bacteriological 
laboratories. The Certification Officer could carry this item with %im 
and provide this service to the smaller type < laboratories. Since this ^ 
item is only recommended, the Certification Officer' can only question 
if this thermometer is avaialble and used. 

» 

4. Color Standard or Their Equivalent Available to Verify Wavelength 
Settings on Spectrophotometers. 

The spectrophotometer like the balance is a very important piece of 
laboratory equipment. The Certification Officers should make them- 
selves thoroughly aware of the proper techniques for care, use and ; * 
calibration of a spectrophotometer. Again the Handbook for Analytical 
Quality Control is a good place to start. 



Spectrophotometers should be checked for wavelength alignment. *If a 
particular colored solution is = to be used at a closely specified wave- 
length, considerable loss of sensitivity can be encountered if the 
wavelength control is misaligned. In visual instruments, an excellent 
reference point % is the maximum absorbance for a dilute solution of 
potassium permanganate, which has a dual peak at 526 my and 546 mu. 
On inexpensive graphing instruments, which possess less resolution , 
than the prism instrupients, the permanganate peak appears at 525 to 
550 mu as a single flat- topped spike. v 

Another point that should be mentioned is^the care and usfc*>f spectro- 
photometry absorption cells. If possible, the Certification-Office 
should observe the techniques of the laboratory in the use of the 
cells. Good techniques here could indicate good* technique in all 
the colorimetric procedures. 

.. ' / • A 



ChSmteal Dated Upon Receipt of Shipment and Replaced as Needed or 
When Shelf Life 1s Exceeded. 



It should not be necessary to store clean glassware or chemicals 
on bendh top's. Floor length cabinets or above bench cabinets should 
be available for storage. Chemicals themselves should be of analytical 
reagent grade to assure good quality. Dating the chemical upon receipt 
will give the chief chemist an Indication* Of the amounts to order and 
if the chemical can still be relied on to.have Its Initial quality.- 

Laboratories Analyzing Water Supply Samples Other Than Its Own 
Should Carry Out Additional Quality Control. This section covers 
additional optional Items for^the larger laboratories. ' 

a. Laboratory should perform on a known reference sample (when 
avail-able) once per quarter for the parameters measured. 

Since the yearly known performance sample will not Indicate to 
the laboratory how well it is doing, other than pass or fall, 
at known sample will show how the laboratory compares 1n precision 
and accuracy to that given for the various methods. Analysis of 
the known sample w ill allow comparsion and show any trend of the 
quality control of the laboratoryT-fhese data should be available 
to the Certification Officer for inspection. 

j This known quality control check sample should be available to 
the laboratory from the principal state laboratory. If. not, a 
synthetic sample prepared by the head chemist can be used. This 
control can be a large sample from a natural source known to 
contain the constituents of concern or a synthetic sample prepared 
in the laboratory from chemicals of the highest purity grade. In 
either case, 1f the control 1s to.be kept, 1t should be stabilized " 
by addition of a suitable preservative. See the section on 
sampling for the choice of preservative. 

b. The measured value should be within the control limits established 
by EPA for each analysis for which the laboratory wishes to be 
certified.' 

Precision data can be found 1n one or the other standard 
references. That ,1s 

1) Standard Methods for tjre Examination of W ater and Wastewater, 
13th Edition (1971). 7 

2) Manual of Methods for the Chemical Analysis of Wat er and Wastes," 
1974 Edition. L 

, ' These data have been accumulated 1n Table I. If this data does 
not fulfill the need of the Certification Officer, he may write to 
the U. S. Environmental Protection Agency, EMSL, Cincinnati, Ohio 
45268 and request additional information on accuracy and precision. 



At least one duplicate sample should be run every 10 sample*, 
or with each set of samples, to verify the precision of the 
method. Checks should be within the control limits established 
by EPA for eich analysis for wh1ch-the laboratory wishes to be 
certified. 

In order to document that reproducible results are being obtained , 
(i.e. precision of the method), it is necessary ttf run duplicate 
samples. Although the frequency of such replicate analysis is, 
by nature dependent on' such factors as the original precision 
of the method, the reliability of the instrumentation Involved 
and the experience of the. analyst, good laboratory technique is 
to run duplicate analysis at least ten percent of the time. 
The resulting data should be within the control limits established 
by EPA. If the data do not agree, the system is not under con- 
trol, and results are. subject to question. 

Standard deviation should be calculated .and documented for all 
measurements being conducted. 

This calculation will provide the upper and- lower control limits 
for the test. Analysts can then determine whether or not the 
data produced 1s acceptable. This data can be calculated on 
seven replicate determinations for initial comparslon. However, 
as additional determinations are performed, they should be added 
to existing data and the precision data recalculated. Twenty , 
or more runs tend to present better statistical data. 

Standard deviation calculations should be determined for each 
analyst to carry out the analysis. However, the data should' 
not be collected until the analyst 1s familiar with the pro- 
cedure. The concentration used to calculate the standard 
deviation should be at the level expected 1n the sample for those 
laboratories doing only their own water. For ^oratories 
doing determinations .other than their own supply 1t would be 
best to have the standard" deviation calculated at several 
concentrations. However, for a minimal effort, the concentration 
' should be chosen at or close to the maximum contaminant level 
for the parameter. s 

In order to assure this data' 1s collected, the standard run after 
each 20 samples could be at the concentration used to determine . 
the standard deviation. This would produce a constant flow of 
this data for Inclusion 1n future updates of the standard devia- 
tion calculation. 

Quality control charts or a tabulation' of mean and standard 
deviation should be used to document the validity of data on 
a daily basis. 

If the upper and lower control limits Of t 2 standard deviations 
are calculated, the* analyst will have some Idea as to the 
acceptability of each determination as the results are obtained. 
When outliers are found the analyst can reschedule these for . 
analysis to assure themselves of the result before action is 
taken to call for a resample of the supply.. 

^4-7 



Production of quality, control charts and subsequent graphing 
of the charts of data obtained 1n the laboratory wm give 
pictorial representation of the control of the method. Ten- 
dencies toward one or the other control limit w41 1 Indicate 
loss of control of the method. 

i 

How to produce quality control charts and a discussion of these 
statistical tools 1s covered 1n the Bask Statistics outline 
4 and 1n the Handbook for Analytical Quality Control 1n Water and 
Wastewater Laboratories.' • 
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TABLE I 



CoptSlilnant 
■«* - Le'vel- Eg/1 



Smlnan 



Parameters 



Cone, 
yg/i 



Standard^ 
Deviation 
S ug/1 



Relative 
Standard 
Deviation 
RSD* 



Reference 



5fr ' 
1000 

' 10 

* 

'50 
9 



Arsenic ' . *" 20.0 
(Gasepus Hy- • 10.0 
* drWe)' * 



■Barium- 
( Standard 
Cortd.) 

Cadmium * i 



+ 1.1 

r 



Chromium 
(Standard 
condL) 

Lead 



Mercury 
(Fl ameless 
AA Irist.^K 



10 



50 



10,000 



Varies with 
Temperature 



Selenium" 
(Gaseous Hy- 
dride) * 

Silver ^ 
(Standard 
cond.) 

Nitrate 
(Brucine) 

Cadmium Red 



Fluoride 
(SPADNS ^ ■ 
with /• , 
• Pistil) # 

Electrode 



50 



5000 



1040 
5000 ^ 

570 
570 



750 
9Qfl 

750, 



10 

130 
I 

36 





40.0/ 


43 '• 


8.9 


100O 






500 




io. e 




10 






) 


50. 








74 


29 


* 




50 


( 


26.4 




50 ' 




26'. 4 




Vo 




23.5 






)- ' 


• .50 




, 23.5 




3.4 


1 .49 






0.4 


* 


21 .2 



11.0 



17.5 



15.4 



r 



9.2 
17* 




>T 4.8 
2.9 



E.P.A. M/thods - 95 ' , 
_SlsL Methods _.(Wth) 146' 




.P. A. Meflfeds - 98 
td. Methods ( 13th) '215 
Std. Methods (14th) 146 



Std.* Methods (13th) 213 
Std* Methods (14th) 148 

E.P.A. Methods - 106 
Std. Methods (13th) 215 
Std. Methods (14th) 146 

Std. Methods* (13th) ^ 
Std. Methodj 114th) 

E.P.A. Methods - 12$ 
Std. Method^ (14th) 

■ ? 

E.P.A. Methods 
Std. Methods (14th) - 

V 

Std. Methods" (13th) 
Sfd. Methods (13th). 



E.P.A. Methods - 206 
Std. Methods (13th) 46.4 

Std. Methods (13th) ' ': 
E.P.A. Methods - 5,9 



Std. Methods (13th) 
Std. Methods (13th) 
iE.P.A. Methods, -67 
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Whfere more than onVconcentration and Standard Deviation is given in the same 
reference the closest to the maximum contaminant level h^p^een gvyen. 

Although not an official reference, data inclycted here. 
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SUMMARY - \ 

J i 

Ihe quality control 1t6ms 1n the Criteria arid Procedures document Identify a 
minima]' effort for all types of laboratories. Sine© quality control is for # / 
the benefit of the laboratory in atsufiftg valid data, 1t would setwise for 
all laboratories to practice a good deal more^quallty control than set down 
1n th€<£r1ter1*a Procedures document. ^ ^^^v - 

"This section has discussed the qual 1 ty captxol steps y to be taken to assure* 
proper analytical performance Tn the Vajwratory. However, a complete picture * 
"of quality control would Includ^dhefence ta^proper sampling techniques, In- 
cluding coi lection, preservationist! handling; use of acceptable methods, and 
proper reporting of data to be considered. It must be repqgg+zed (and practiced), 
however, that quality cpntrol begins ^with collection* and does notr.end until 
resulting data are reported. 

. ■ j 

• - • • v 
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LABORATORY SAFETY PRACTICES 



I INTRODUCTION 

A Safe Use.. Handling and Storage of Chemicals 

1 Chemicals in an/ form can be safely 
stored, handled, and used if their 
hazardous physical and chemical 
properties are fully understood and the 
necessary precautions, including the 
use of proper safeguards and personal 
protective equipment are observed. 

2 The management of every unit within a 
manufacturing establishment must give 
wholehearted support to a well integrated 

- safety policy. 

B General Rules for Laboratory Safety 

K Supervisory personnel should think 
% "safety. " Their attitude toward fire 

* and safety standard practices is reflected 
in th£ behavior of their enti^p staff* 

2 A safety program is only as strong as 
the worker's will to do the correct 
things at the right time. 

3 The fundamental weakness of most 
safety programs lies in too much lip 
service to safety rules and not enough 
action in putting them into practice. 

4 Safety practices should be practical and 
enforceable. 

5 Accident prevention is based on, certain 
common standards of education, training 
of personnel and provision of safeguards 
against accidents. 



n LABORATORY DESIGN AND EQUIPMENT 

0 

A Type of Construction 

1 Fire-resistant or n on combustible 

2 Multiple story buildings should have 
adequate fneans of exit. 



Stairways enclosed with brie 
concrete walls 



, 4 Laboratories should have adequate exit 
doors to permit quick, safe escape in 
ah emergency and to protect the 
occupants from fires or accidents in 
adjoining rodtns. Each room should be 
checked to make gure there is no - 
chanc* of a person being trapped by 
fire, explosions, or release'of cbngerous 
/ gases. 

5 Laboratory rooms in whicS^to^t^ofJ^ 
work is carried out with flammable 
liquids or gases should be provided 
with explosion- venting windows. 

B Arrangement of Furniture and Equipment, 

1 Furniture. should be arranged for 
maximum utilization of available .space 
and should provide working conditions 
that are efficient and safe. 

2 Aisles between benches should be at 
least 4 feet wide to provide adequate 
room for passage of personnel and 
equipment. 

3 Desks should be isolated from benches 
or adequately -p^oteqjted. 

4 Every laboratory should have an eye- 
wash station and a safety shower. 

C Moods and Ventilation 

1 Adequate hood facilities should be> 
installed where work with highly toxic 
or highly flammable materials are used. 

2, Hoods should be ventilated separately 
and the exhaust* should be terminated 
at a safe distance from the building. 

3 Make-up air should be supplied to 
rooms or to hoods to replace the 
quantity of air exhausted through the 
hoods. 



©~C.SA.lab. 1. 11.77 
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Laboratory Safety Practices * * 



Hood ventilation systems are best 
designed tp have an air flow of not less 
than 50 linear feet per minute across 
the face of the hood, With all dqors open 
and 1-50, if toxic mateHal^ are involved. 



5 Skhaust fans' should be spark-proof if 
exhausting flammable vapors and ' 
corrosive resistant if handling corrosive 
fumes. * 

6 Controls for all services should be 
located at the front of the hood and 

, should- b,e operable when the hood door ' 

is closecf. ' ' . 

7 All laboratory ropms should have the 
air changed continuously at a rate- 

j> depending on the materials being 
handled* • * 

r, 

D Electrical Services 

1 Electrical outlets should be placed 
outside of hoods to afford easy access 
and thus protect them from spills and 
corrosion by gases. 

2 Noninter changeable plugs should be • 
provided for multiple electrical services. 

3 Adequate outlets should be provided and 
should be of the three-pole type to 
provide for adequate grounding. 

E Storage ^ 

1 Laboratories should provide for adequate 
storage space for mechanical equipment 
and glassware which will be used 
regularly. „ * 

2 Flammable solvents should not be stored 
in glass bottles over one liter in size. 
Large quantities should be stored in # 

. metal safety cans. • Quantities requiring 

titainera larger than one gallon should 
stored outside the laboratory, 
plosion proof refrigerator* should be 
used for the storage of highly volatile 
and flammable solvents. / 
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4 Cylinders of compressed or liquified 
gase & should not be stored in the 
laboratory. 

F Housekeeping 

1 ,Hou8ekeepiiig'play8 an important role 
in reducing the frequency of laboratory 
accidents. Rooms should be kept in a 
neat orderly condition. Floors, shelves 
and tables should be kept free from 
4irt and from all apparatus and chemi- 
cals not in use. 

2 At* cluttered laboratory is a dangerous 

• place to work. Maintenance of a clean 
„ and. orderly work space is' indicative of 

interest, personal pride, and safety- 

mindedness. 

3 Passageways should be kept clear to all 
* building exits and stairways. 

4 Metal containers should be provided for 
the disposal of broken glassware and 

- should be properly labeled. 

5 Separate approved waste disposal cans, 
should be provided for the disposal of 
waste chemicals. 

6 Flammable liquids not miaciblte with 
water and corrosive materials, or 
compound^ which are likely to give off 

. toxic vapors should never be poured 
into the slnlc. 

3 Fire Protection 

1 Laboratory personnel should be 
adequately trained regarding pertinent 
fire hazards associated with their work. 

2 Personnel should know rules of fire 
N^rgyention and methods of combating 

fires. ^ 

3 Fire extinguishers (C0 2 type) should 
be provided at convenient locations and 
personnel should be instructed in their 
use. 

4 Automatic sprinkler systems are 
effective for the control jpt fires in 

r chemical laboratories. , 
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H Alarms 

1 An approved fire alarm system should 
be provided.. 

2 Wherever a hazard of accidental release 
of toxic gases existfc, a gas alarm 
system to warn occupants to evacuate 
the building should be provided. 

3 .Gas masks of oxygen or compressed air 
type should be located near exits and 
selected personnel trained to use them. 

m » 

m HANDLING GLASSWARE ^ 

A Receiving, Inspection and Storage 

1 Packages containing glassware should 
be opened and inspected for cracked or 
nicked pieces, pieces with flaws that 
may become cracked in use, and badly 
shaped pieces* 

YxSlassware should be stor£d,on well- 
tfgbted stockroom shelve^aesigned and 
having a coping of sufficient height 
< around the edges to prevent the pieces 
from falling off. 

B Laboratory Practice 

1 Select glassware that is designed for the 
type of work planned. 

2 To cut glass tubing or a rod,, make a 
straight clean cut with a cutter or* file 
at the point where the piece is to be 
severed. Place a towel over the piece 
to protect the hands and fingers, then 
break away from the body. 

3 Large size tubing is cut by means of a 
heated ni chrome wire looped around the 
piece at the^point of severance. 




When it la necessary tolnsert a piece 
of glass tubing or a rod through a 
perforated rubber or cork stopper, 
select the correct bore so that the 
Insertion can be made without excessive 
strain. 



Use electric mantels for heating 
distillation apparatus, etc. 

To remove glass splinters, use a 
whisk broom and a dustpan. Very 
small pieces can be picked up with a 
large piece of wet cotton. 



IV* GASES £ND FLAMMABLE SOLVENTS * 
A Gas Cylinders 

, 1 Large cylinders must tfe securely 
fastened so that they cannot be dis- 
lodged or tipped in any direction. 

2 Connections, gauges, regulators or 
fittings used with other cylinders must 
not be interchanged with oxygen' 
cylinder fittings because ^of the possi- 
bility of fire or explosion from a 
reaction between oxygen and residual 
oil in the fitting. 

3 Return empty cylinders promptly with 
protective caps replaced. 

B Flammable Solvents 

1 Store in designated areas well 
ventilated. 

2 Flash point of a liquid is the temperature 
at which it gives off vapor sufficient to 
form an ignitible mixture with the air 
near the surface of the liquid or within 
the vessel used. 

3 Ignition temperature of a substance is 
the minimum temperature required to 
initiate or cause self-sustained com- 
bustion independently ot the heating or 

eated element. 

Explosive or flammable limits / For 
most flammable liquids, gases and 
solids there is a minimum concentration 
of vapor in air or oxygen below which 
propagation of flame does not occur on 
contact with a source of ignition. 
There is also a maximum proportion of 
vapor or gas in air above which 
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propagation of flame does not occur. 
These limit mixtures of vapor or-^gas 
with ^ir, which if ignited will just 
propagate flame, are known as the 
. "lower and higher explosive or flammable 
limits/ 1 

5 Explosive Rang e. The difference ^ 
between the lower and higher explosive 
or flammable limits, expressed in 
terms of percentage of vapor or gas in 
air by volume is known as the "explosive 
range. 11 

6 Vapor Density is the relative density 
of the vapor as compared with/air. 

7 Underwriter's Laboratories Classification 
is a standard classification for grading 
the relative hazard of the various 
flammable liquids. This classification 

^ is based on the following scale: 

Ether Class . loo 

Gasoline Class. » I 90 - 100~ 

Alcohol (ethyl) Class 60-70 

Kerosene Class 30 - 40 

Paraffin Oil Class 10- 20 



8* Extinguishing agents 

V CHEMICAL HAZARDS 
A Acids and Alkalies. 

1 Some of the most hazardous chemicals 
are the "strong" or "mineral" acids 
such as hydrochloric, hydrofluoric, 
sulfuric and nitric. 

2 Organic acids are less hazardous 
because of their comparatively low 

* ionization potentials. However, such 
acids as phenol (carbolic acid), 
hydrocyanic and oxalic are extremely 
hazardous because of their toxic ) 
properties. / 



B Oxidizing c Mate rials 

1 Such oxidizing agents as chlorates, * 
peroxides, perchlorates and perchloric 
acid,, in contact with organic matter 
can cause explosion* and fire. 

2 They are exothermic l and decompose 
rapidly, liberating oxygen which reacts 
.wjth organic compounds. 

3 Typical hazardous oxidizing agents are: 

Chlorine Dioxide 
Sodium Chlorate 
Potassium Chromate 
Chromium Trioxlde 
Perchloric Acid 

C Explosive Vower 

1 Many chemicals are explosive or form 
compounds that are explosive and 
should be treated accordingly. 

2 A few of the more common examples 

of this class of hazardous materials are: 

Acetylides 
Silver Fulminate 
Peraxides * 
* Peraecetic Acid 
Nitroglycerine 
Picric Acid t 
-Chlorine and Ethylene ' 
Sodium Metal 

£alcium Carbide , 5 * 

D Toxicity 

1 Laboratory chemicals improperly 
stored or handled can cause injury to 
personnel by virtue of their toxicity. 

4 

2 Types of exposure . There a're four 
types of exposure to chemicals: 



3 Classification of acids 
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Contact with the skin and eyes 
Inhalation x jf 

Swallowing 
Injection 
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VI PRECAUTIONARY MEASURES 

r 

A Clothing and Personal Protective Equipment \ 

1 Chemical laboratories should have 

special protective clothing and equipment 
readily available for emergency use and 
% for secondary protection oi personnel 
working with hazardous materials. 

. 2 Equipment ahould be provided for adequate: 

a Eye protection 

b Body protection 

c Respiratory protection 

d Foot protection 

e Hand protection 

» 

B Bodily Injury 

1 Burns, eye injuries, and poisoning are 
the* injuries with which laboratory 
people must be most concerned. 



2 First emphasis in the laboratory 
should be on preventing accidents* 
This means observing all recognized 
safe practices using necessary personal 
protectee equipment and exercising 

. proper ^bntrol over poisonous sub- 
stances atthe source of exposure. 

3 Sq that a physician can be summoned 
promptly every laboratory should have 
posted the names, telephone numbers, 
and addresses of doctors to be called 

in an emergency requiring medical care. 

REFERENCES 

Guide for Safety in the Chemical Laboratory, 
the'Oeneral^fifety Committee of the 
Manufacturing Chemists Association, Inc # , 
Van Npstrand, D|lew York (1954). 



This outline was prepared by Paul F. HallbaCh, 
Chemist. National Training and Operational 
Technology Center. MOTD, OWPO, USEPA. 
Cincinnati. Ohio 45268 

Descriptors: Safety, Laboratory, Practices 
Safety, Laboratory Design Chemical Storage, 
Gas Cylinders. Flammable Solvents 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 



for 

' DETERMINATION OF SILVER (Ag+) 



er- 



as applied in 
WATER AND WASTEWATER TREATMENT FACILITIES 
and 1n' the 
MONITORING OF EFFLUENT WASTEWATERS 



National Training and Operational Technology Cejiter 
Office of Water Program Operations 
U.S. Environmental Protection Agency 
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WATER MONITORING PROCEDURE : Determination of Ag+ 
1.. Analysis Objective: 

To determine the silver,. concentration of a water safople. - p 

2. Brief Description of Analysis: ' • 

The sample 1s digested J\th concentrated nitric add and evaporated to 
dryness. The residue 1s treated with hydrochloric acid, silicates and 
other Insoluble material are removed by filtration and the sample 1s 
analyzed for the total metal of Interest by atomic absorption spectro- 
photometry. . s - 

3. Applicability of this Procedure: 

The method works for both potable and wastewater. 

a. Range of Concentration - The method is reconmended for use in the 
"range of 0.1 to 4.0 mg/1. The defection limit is O.fll iftg/1. 

b. Pretreatment of Sample - Digestion in acid pH to assWe solubilization 



See Section A. 

c. Treatment of Interferences 1n the Sample - None listed for these 
conditions. 



( 



Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1974, 
Environmental Protection -Agency, Environmental Monitoring- and Support Laboratory, 
Cincinnati, Ohio, p. 146 

O . 
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MATER MONITORING PROCEDURE: Determination of Ag+' 

Operati ng -Procedures : 

A. Sample Digestion 

B, Reagent Preparattbn * 
. C. Instrunent Calibration > 

D, Instmmenta-1 Analysis * 

E. Calculations 



V 
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WATER MONITORING PROCEDURE: Determination of Ag+ , 



A. Capital Equipment 

1. Balance, analytical - sensitivity 0.1 milligram' 

2. Atomic absorption spectrophotometer and recorder 

3. pH meter 

4. Hot plate, 110 V 



1. Flasks, volumetric, 100 ml, 1000 ml 

2. Plpets, volumetric, 50 ml , 3 ml , 1 ml 

J/ Reagent bottles, glasi with glass stopper 

4". Anion and cation exchange resin cartridges 

'5. Beakers, 150 ml 

6. pH paper 

7. Watch glass : 

8. Funnel , 80 mm diameter 

9. Rfng stand and 3 inch ring 

10, Graduated cylinders 100, 50, 10 ml 



General Description of Eq 




and Supplies Used in the 



Reusable Supplies 



\ 



C. Consumable Supplies 



1 . Reagents 



Silver Nitrate (analyticat reagent grade) 



* ' . , / * 
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OPERATING. PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
'GUIDE NOTES 



A. Sample Digestion 
for T6U1 .Sllvjer 



1. Transfer 100 ml of sample 
Into a clea^TjSO ml beaker 

2. Check the pH using 

• pH paper 

3. Add 5.0 ml of 1:1 

♦ hydrochloric add (HC1) 

4. Place the beaker on a hot 
plate 

5. Heat at 95°'C for 15 m1n 

6. Remove the beaker from the 
hot plate. Allow 1t to 
cool to room temperature 

7. Wash down the beaker walls 
with distilled water 

8. Filter the sample through 
Whatman #42 filter paper 
Into a- clean 100 ml 
volumetric cylinder, 

9. Dilute the volume to 100 
ml with distilled water 



la. Use a 100 ml graduated cylinder 



2a. The pH should be 2.0. If the sample was not 
acidified upon collection, ad<M:l nitric add 
dropwise until the pH '3s adjusted to 2.0 

3a. Use a 5 ml pi pet. Use a rubber bulb on the pi pet 



4a. Adjust. the hot plate for medtun heat 



5a. Makfe certa4n that the sample does not boll 



7a. Use a plastic wash bottle 



B. Reagent Preparation 
1 . Delonlzed 

Distilled Water 



ERJC 



1 . Prepare by passing 

distilled water through a 
mixed bed of cation and 
anion exchange resions 



6t; 



la. Use delonlzed distilled water for the preparation 
y of all reagents, calibration standards and as 



dilution water. 



HATRf MONITORING PROCEDURE: Determination of Ag+ 



OPERATING PROCEDURES 



STEP SEQUENCE 




INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
.(Continued) 
2. Nitric Acid 
Concentrated 
(HN0 3 ) 



3. Hydrdthloric Ac 
JHC1-) 1:1 



4. Silver Stock- 
Standard Solution % 




5. Fuel and Oxidant 



1. Commercially available 
jreacjent grade 




1. Prepare a 1:1 solution of 
|ent grade hydrochloric 
acidly adding 25 ml of 
commercially available 
reagent grade hydrochloric 
acid to 25 ml of deionized 
water 

1. Careful y weigh 1 .575 
grams of stj ver nitrate 
T^nalytica^rfeagent grade) 
on an analytical balance 

2. Transfer into a 1000 ml 
volumetric flask 



3. Dissolve in distilled 
_f water 

4. Add 10 ml conceatAted 
nitric acid 

5. Dilute to mark with 
distilled water 



TTnEoflmeccial grade acetylene 
m is generally acceptably 



/ 

f 

la. Use*a 50 ml graduate 

/ 



la. Use a plastic weighing boat and an analytical' 
balance \ «* 



2a. Ifte a powder funnel 

2tk Use a plastic wash bottle to rtjise the weighing 
boat and funnel into the flask 



4a. s Use a graduate cylinder 
4b. .Use caution with the acid 



5a. One ml equals lmg Ag+(1000 mg/liter) 




ft. I 



WATER MONITORING PROCEDURE: - -Determination of Ag+ 



E6-8 



^ OPERATING PROCEDURES 



STEP SFQUENCB 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



Reagent Preparation 
(Continued) 



Air may be supplied from a 
compressed air line, a 
laboratory compressor, or 
from a cylloder of 
commercial air. 



2a. Caution: Air supply must be free from oil 
or other' 7 contaminants 



C. Instrument Calibration 



1 . Turn on air supply 

2. Turn on acetyl eni supply 

3. Turn on instrument and 
ignite flame 

4. Turn on powfer to hollow 
cathode lamp 

5. Select wave length for 
' appropriate metal 

6. Prepare a series of stand- 
ard solutions for silver 
as follows: 

Silver 

Transfer 1.0 ml of stock 
silver soluUorr into a 
100 ml volumetric flask 
and dilute to the mark 
with deionized distilled 
water and shake well 



3a. See Instruction manual for your particular 
Instrunent J 

4a. Select lamp for proper tnetal analysis 



5a> Sijver {328.1 nm) 



ERLC . 
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WATER MONITORING PROCEDURE: Determination of Ag+ 



OPERATING PROCEDURES 


STEP S£QUENCE 


INFORMATION/OPERATING GOALS/ SPEC I F ICAT I0K5 


TRAINING 
GUIDE NOTES 


C. Instrument Calibration 
(Continued) 

• 

r 


6. Continued 

Transfer 0.0, 0.2, 0.4, 
0.6, 0.8, and 1 .0 ml of th< 
diluted standard solution 
Into each of six 100 ml 
volimetrlc flasks re- 
spectively. . Dilute to the 
mark with deionlzed dis- 
tilled water and stiake wel 
The concentration of these 
solutions will be 0.00, 
0.02, 0.04, 0.06, 0.08, anc 
0.10 mg/1 respectively 

7. Ignite flame and aspirate 
standard solutions into 
the flame" s 

8 PreDare a calibration curve 

W . flwWUIW W wWIIWIUbl V# II W M 1 » * 

by plotting the concentra- 
tion Of the respective 
metals against the response 
for each concentration 


: — T* — ^~ 

) • 

Use a iHtrTmlcro plpet graduated In 0.1 ml 

* 

8a. Record the response on a recorder or use the 
readout provided on the instrument 

>% 


i 


.D. Instrument Analysis 


1. Aspirate the unknown solu- 
tion into the iafctrument 
immediately following the 
aspiration of the standards 

2. Record the- response 


la. Flame characteristics and Instrumental settings 
Should be the same for standards and unknowns. 










J 

i 



WATER MONITORING PROCEDURE: Determination of Ag+ 
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OPERATING PROCEDURES 




-j 

I NFORMAT ION/OPE RAT I NG GOALS/ SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


E. Calculations 


1. Determine the concen- 
tration of the metal 1n the 
sample by substituting the 
observed Instrumental re- 
sponse on the appropriate 
calibration curVfe. 


/ 




* 

V 


\ ■ 

*> 

— • 

■ 


< • 


* 

\ 
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HATER MONITORING PROCEDURE: Determination of Total Cadmium, Chromiun and ' 

Lead by Atomic Absorption 

1. Analysis. Objectives: ; ' 

Tht user of the attached procedure will determine the cadmium, chromium 
and lead content of a dHnklng water sample, Including sample preparation 
and atomic absorption. 

2. Brief Description of Analysis 

If suspended or settleable matter 1s present, the sample Is treated with 
add and heat t6 assure complete solubilization of metals. To determine 
total chromium, trlvalent chromiun 1s oxidized to the hexavalent form. 
The metals are chelated and extracted wtah pyrrolidine dlthiocarbanrlc 
add (POCA) 1n chloroform. An acidified water solution of the metals 
4 1s aspirated Into an atomic absorption spectrophotometer. 

3. Applicability of the Procedure: 

^ a. Range of concentration: 

This procedure should be carried out 1f the concentrations 1n the 
simple are below: 

Y . - . f 
0.020 pg/1 for cadmium 

0.050 mg/1 fo r chromium n ,. 

U.2Q0 aig/1 for lead 

b. Pretreatoent of samples: 

This 1s covered In the procedure. Generally 1t 1s to lower the pH of 
the sample to below pH 2 with nitric add for preservation. A solublHza 
tlon procedure for "total* metals 1f particulates are in the sample 
1s also covered. 



c. Treatment of Interferences in samples: 



The method contains steps to remove Interferences, I.e., chelation 
and extraction. A section about Interferences to atomic absorption 
spectrophotometry (chorical, dissolved sol Ids, ionization and 
spectral) can be found 1n the Source of Procedure.* 



*Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1974 
and 1979, U.S. Environmental Protection Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, Ohio 45268, Metals (Atomic Absorption Methods) 
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WATER MONITORING PROCEDURE: Determination^ of Total Cadmium, Chromium and 

Lead by, Atomic Absorption 

A. Glassware Preparation * 

8. Sample Preservation and Handling 

C. Reagent Preparation 

D. Instrument Set-up 

l h Solubilization for "Total 11 Metals (If necessary) ♦ 

jr. 'Preparation of Standard ^Dilutions 
IS. Oxidation for* Total Chromium 

H. Extraction of Metals 

I. Instrument Calibration 
J, Calculations 

K. Instrument Shut-Ocwn 
L. Maintenance 



\ \ 
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WATER "MONITORING PROCEDURE: 



Determination of Total Cadorium, Chromium and. 
Lead by Atomic Absorption 



Equipment and Supply Requirements 

A. Capital Equip? 

Ic absorption spectrophotometer: Any comnerclal atomic absorption 
instnmwit having an energy source, an atomiztfr burner system, a 
monochrome tor, and a detector 1s suitable 

2. Balance, analytical with a 0.1 milligram sensitivity 

3. Hollow cathode lamps - cadmium, chromium, lead 

4. Hot plate, capable of holding at least ten 250 ml beakers 

5. pH meter with single, combination electrode - optional for pH adjustment 

6. Pressure regulator valves: * 

a. Two stage regulator designed to deliver acetylene with an* 
inlet CSA 510 connector 

b. Two stage regulator designed to deliver air with an inlet 
CSA 1340 connector j . - 

7. Recorder: One compatible with the electronics of the atomic 
absorption instrument 1s .acceptable 

3. Steam bath for up to 9 - 100 ml beakers or 250 ml beakers 

(sample, spike, duplicate, standards). Required if chromium 1s to 
determined. 

9., Still - borosillcate glass distillation apparatus or another source 

of good distilled water 
10/Stop watch 



3. Reusable Supplies: 



1. 

2. 
3. 

4. 



13 or 36 beakers, 9 or 18 - 100 ml , 9 
(sample, spike, duplicate,, standards) 



250 ml size, graduated, 



Six dropper bottles 
Eight Reagent bottles 
one brown glajs, 1000 ml, 



Cylinders 
1 500 ml 

1 250 ml 

2 100 ml 

1 25 or 50 ml 
1 10 ml 
or 18 10 ml 



graduated 



100 ml si2e, 2 brown glass, 4 clear 
- 4 clear glass, 1000 ml capacity, 
three cleaj^glass, 100 ml 



until* 



stoppered, wide base (sample, spike, duplicate, standard) 
5. Flask, volumetric, glass stoppered 
1 1000 ml 
1 100 ml 

5. Funnel, very small to filter 365 ml, olass 
T (sample, spike, duplicate, standard) 

7. Funnel, separatory, glass stoppered, teflon stopcock, 250 ml, 
1,9, or 18 (sample, spike, duplicate, standards) 

8. Pipets, graduated, mohr type 

1 5 ml 

2 10 ml 



f 



ERLC 



E7-5 



* 




WATER MONITORING PROCEDURE: Determination of Total Cadmuim, Qhrpmium and 

Lead by Atomic Absorption - 

8- Volumetric type (continued) 
4 1 ml 
2 2 ml 
1 3 ml 

4 5 ml 

5 10 ml 
1 20 ml 

9. Instrument and manufacturer^ operation^ manuaf 
10- Safety glasses 

11. Separatory funnel rack 

12. Wash bottle, plastic, squeeze type 

13. Watch glasses, 3 (sample, spike, duplicate), 3.5 inches in diameter 



C. Consumable: * 

1. Deiontzing column - mixed bed type * 

2. Gas*s 

Fuel, acetylene (C-HJ - for use with the atomic absorption instrument, 
purified grade, 380 5f , CGA 510 

Oxidant, air - for use with the atomic absorption instrument, 

* dry grade, 2200 cf, CGA size 1340 

3. Filter paper - Whatman #40 

4. Plastic weighing boats - about 12 

5. Labels 

5. Marking pencil , 
7. Reagents 

Ammonium hydroxide 

Nitric acfd ^ 
^hydrochloric acid / 
Cadmium sulfate (J CdSQ.SUJ}) 
Chromium tri oxide 
Lead nitrate 
Potassium permanganate 
Pyrrolidine**!* 

• "Carbbn dfsuTfide 
. Chloroform 

Sodium azide* 

for pH adjustment - only if t&e indicator is to be used: 

955 ethyl alcohol * / 
Bromophenol blue \ 

♦Available from Aldrich Chaoical Co., 940 West St. Paul Avenue, 
Milwaukee, Wisconsin 53233 (414/273-3850). 
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HATER HUtUI0fil H6 PMrtBUREt;- Sterol nation of Total Cadmium, Chromium and Lead by 

. Atomic Absorption - 



OPERATING PROCEDURES- 



STEP SEQUENCE 



WFORMAT I ON/OPERAT I NG GOALS/SPECIFICATIONS 



TRAIWHG 
GUIDE NOTES 



A. Glassware Preparation 

St ** 



y < 



■ * 4 



6. Samplfc Preservation 
% Bftd Handling * 



1. Wash 1n tap water with - 
detergent and brush/ 

2. Rinse well with tap water, i 

3. Rinse with 1:1 nitric add. 

4. Rinse well with tap water. 

5. Rinse with 1:1 hydrochloric 
add. 

6. Rinse well with tap water. 

7. Rinse well with delonlzed 
distilled water. 

8. If possible, reserve all 
glassware used In metal 
analyses for that purpose 
only. 

1. Collect at least a 1 l|*er 
*. sample. v 

2. Add 5 ml of concentrated 
nitric add per liter. 

* 'of sample/ 



3. Th| MK«p1e nay be kept for 
6 months before anaTy^l** 



la. Do not use. chronic acid to clean this glassware* 
lb. This procedure also applies to sample, containers* 
lc. Quality control checks nay verify that some* of 
these cleaning stfcps are not necessary. 

2a. Remove all detergent. 



8a, 



la. 

lb. 

2a „ 
2 b. 

2c. 
3a. 



Conta*Tnat1on tron other reagents 1s less likely 
this way. 



A quart sample container nay bemused. 

The sample' container should have been cleaned 

using the procedure above. 



kecMoFHtfeb 



tals 



The pH Must be less than 2. 
The nitric add should b^ checkc 
content before use. 

More .add nay be neces0ry for samples with 
higher total dissolved sol Ids. ' . # • 

Good; practice would dictate analysis of a sample 
as sdon after collection as possible. 



3 i 
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WATER HutUTQRiNG PROCEpURF ; Determination o) Total Sactaium, Chromium and Lead by 

Atomic Absorption 



E7-a 



OPERATING PROCEDURES 



STEP SEQUENCE 



"7 



Prepare approximately ten 
(10) liters of delonizJfcK 
distilled water. N 



No preparation 1s necessary 
1f metals of Interest are 
absent. 

Pour add Into a 100 ml 
dropper bottle. 

Add 50 ml of water to a 
100 ml graduated cylinder.. 

Add 50 ml of concentrated 
nitric add to tte same 
graduated cylinder* 

Allow to cool. 

Transfer Into tlgfttly- 
stoppered bottle for 
storage. 

Label bottle 1:1 nitri^ . 
acid. 

No preparation 1s necessary 
if metals of interest are 
absent* 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C: Reagent Preparation 

I. De Ionized 
Distilled Water 



2. Nitric Acid, 
Concentrated 



3. Nitric Add, (1:0 



4. Hydrochloric Acid, 
Concentrated 



ERJC 



la. Prepare by passing distilled water through a , 
mixed bed, of cation and anion exchange resins. 

lb. Use deionized distilled water for preparation | 
of all standards! reagents and dilutions and 
also for the washing of equfpment. 

)a. Run a reagent blank to check purity. If results* 
* show necessity, remove Impurities by distilling 
♦ 1:1 add in an all glass (boroslllcate) still. The 

redistilled add (68.01) Is essentially as 
, concentrated as non-redistilled (69.0 - 71.Df\ , 
add. f 

la. Deionized distilled water. 

2a. Caution : Do^tyt reverse thts order of Addition. 
2b .TUse safety glassesT * 
2c' Heat -may be generated. 
2d. Prepare in a well-ventilated area. 
2a. Larger amounts may be prepared. Use equ^l 
amounts of water and add. ' 



la. Run a reagent blank t& check purity. If 

necessary, remove Impurities by distilling 1:1 
add in an all glass (bdrosi licate), still . The 
resulting redistilled acid 1s 20.21 HC1 (~6N) 
in contrast to the usual p6. 5-381 (-12N) 
reagent grade add. 



• \ 
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uATf tt mtHTOKliG PROCEDURE ; Determination of Total Cafelm, Chroali* and Uad by 
. Atomic Absorption ' 



OPERATING PROCEDURES 

C. Reagent Preparation 
(Continued) 

5. Hydrochloric Acid 
(1:1) 



6. Hydrochloric Acid 
(2.5X v/v) 



\ 



4 

Amonlun Hydrox1de| 
(MILOH) 
Concentrated 



STEP SEQUENCE 

1. Add 50 «1 of water to a 
100 nl graduated cylinder. 



2. Add 50 ml of concentrated 
hydrochloric acid to the 
sane graduated cylinder. 

3. Allow to cool. 

4. Transfer Into tightly- 
stoppered bottle for 
storage. 

5. Label bottle 1:1. hydro- 
chloric acid. 

1. Add atout.50 nl water to 

a 100«al volumetric flask. 

2. PI pet 2.5 ml concentrated 
HC1 to the flask. 



Cool and dilute to 100 Ml 
with water. 

four the concentrated 
HH.OII Into a glass > 
dropper bottle. 



ERIC 



1 Hf ORMAT 1 ON/OPE RAT 1 N6 60AIS/ SPEC I f I CAT 1 QMS 



la. If you have redistilled hydrochloric acid 
(C.4.1a), It 1s~6N and this preparation 5 
Is not necessary. 

lb. This preparation requires a weJI -ventilated area, 

2a. Caution : Do not reverse this order of addition. 
2b. Use safety glasses, Heat may be generated. 



2a. See C.4.1a.. If you have redistilled hydro- 
chloric acid. It Is a -6N. Accordingly, 
you need 5 .ml of redistilled actd for this step. 

3a. Store In dropper bottle (about 100 ml vol.) This 
Is used to adjust pH. 

la Use a hood to prevent Inhalation of fumes. Avoid 

contact with skin. Wear protective equipment, 
lb. Only some drops of this are needed for the pH 
yj adjustment of acidified samples. . 
le. A brown glass dropper bottle conserves the 
stability of this reagent. 



TRAINING 
GUIDE NOTES 
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MATER MONITORING PROCEDURE; Determination 9* Total Cadalua, Chroalua and Lead by 

* Atonic Absorption 



OPERATING PROCEDURES 



C. Reagent Preparation 
(Continued) . * 

8. Aamonlua Hydroxide 
(NM^OH) 2N 



9. Brooophenol Blue 
Indicator 



10, pyrrolidine 
d1tbtocarba*1c 
add f^DCA) -~ 
v chloroform 
solution 



erJc 



STEj> SEQUENCE. 



1. Dilute }3 ml of concen- 
trated NH^OH to 100 ml with 



water. 



1. Dissolve 0.1 g of the solid 
In 100 al-of 50* ethyl 
alcohol. 



1. Add 500 ml chloroform to 
a liter fjjaslc. 

2, Add 18 si of analytical 
grade pyrrolidine. 



of 



3. Add 15 al 

disulfide (CS 2 ) 
portions with, swfr ling. 



carbon 
In snail 



4., Dilute to 1 liter with 
chlorofom. 



1 HFOftMAT 1 ON/OPE RAT IN6 GOALS/SPECIFICATIONS 



la. This reagent should be prepared In the hood to 
prevent Inhalation of fuses. Avoid contact 
' with skin. Wear protective equipment, 
lb. This Is used to adjust pH. 
lc. Use « brown dropper bottle to store. 



la, 

lb. 



lc. 



Id. 



A platform balance can be used for weighing. 
In order to prepare this solution 951 ethyl 
alcohol should be diluted 1n half (I.e., 50 al 
alcohol to 50 al water). 

TMs solution Is stable Indefinitely so Tong as 
Jt 1$ kept 1n a tlflhtLy-Stoppered dropper bottle 
to prevent evaporation. 
This solution 1* not necessary 1f a pH aeter 
1s used for pH adjustments. 



la. This reagent should be prepared 1n a well ven- 
tilated area (or hood) 

lb. Measure 500 al with graduated cylinder. 

* * « 

2a. P1pet with a graduated plpet* 

2b. Generates heat — cool before proceeding. 

?c, For supplier, see chealcal 11st. 

2d. TAUTIQN - reagent 1s flammable, toxic and 
corrosive. 

la. Carbon disulfide 1s very odorous. Prepare 1n 

hood or well ventilated area. 
3b, Use a Measuring plpet, t 

3c CAUTION - Heat generated - cdol before proceeding 

4a. This solution can be stored for several aonths 
1f stored 1n a brown bottle 1n a refrigerator. 



TRAINING 
GUIDE NOTES 



MATER MONITORIN G PROCEOUft: peteralnatlon of Total Udntlin, Chroalua and Lead by 

Atoalc Absorption * 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 

i 



TRAINING 
GUIDE NOTES 



C. Reagent Preparation 
(Continued) 

li. Potasslua 
Permanganate 
Solution 
(KHn0 4 ) 0.1 N 



12. Sodlua Azlde 
Solution (NaN,) 
0.1X A J 



J 



erJc 



1.. Weigh out 3.20 graas of 
potasslua peraanganate. 

2. Add about 500 al of water 
to a 1000 al voluaetrlc 
flask. 

< 

3. Transfer the potasslua 
permanganate to the flask. 

4. Dilute to the nark. 

5. Mix thoroughly. 

6. Store In a tightly-stop- 
pered reagent bottle. 

1. Weigh out 100 ag sodlua 
azlde (NaN 3 ). 

2. Add about 50 al of water 
to a 100 al voluaetrlc 
flask. 

3. Transfer the sodlua azlde 
to the flask. 

4. Swirl to dissolve. 

5. Dilute to the mark. 

6. Stopper and mix thoroughly 

7. Store In a flghtly-stop- 
pered battle. 



la. Prepare If chroalua Is to be determined. 

lb. Use a trip btUnce and a plastic weighing boat. 



3a. Wash the weighing boat with water and add the 
washings to the flask' 



6a. Label with concentration and preparation date. , 
6b. Uhen using, transfer a portion to a 100 al 
dropper bottle. 

la. Prepare If chroalua Is to be determined. 
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MATER ftWIITOKING PROCEDURE : Determl nation of Total Cadmium, Chromium and Lead by 

Atomic Absorption 



OPERATING PROCEDURES 


STEP SEQUENCE 


INF0RMAT I0N/0PERAT I NG GOALS/SPEC 1 F ICAT IONS 


TRAINING 
GUIDE NOTES 


C. Reagent Preparation 
(Continued) 




* 


4 

* n 




iJ. btocv tadnlUM 
Solution 


i. 


Weigh out 2.282 grams of 

cadmium sulfate 
(3CdS0 4 -8H 2 0). 


14. Use an analytical balance and a plastic wsigning 
boat. 






0 

c • 


Arl/i ah/tut *\flfl mil Af uaf Pr 

ntiu aiMJUt ouu ni or water 

to a 1000 ml volumetric 
flask. 








3. 


Transfer the cadalun sul- 

fat a tA t hft ua! mtat *H r 
lalC tU tllC fU I HUB t f II* 

flask. 


3a* Use a wash bottle and rinse the weighing boat 
with water three tines, adding each wash to the 
fjasK, \ 






4 

• * 


nuu c.u wi of conccncro tea 
nitric add. 


4a. use a 5 ml , graduated pi pet. 

/ ■ *'■ r>' 

5a. The solution contains 1000 ng Cd/lper 
(1 ml - 1 ng Cd). » 






c 


ft! Infra t'A frHxa dtla r*t 

.pi lute tu tifC iiar^« 


- 




6. 


Nix thoroughly. 


» 






7. 


Store In a tightly-stop- 
pered bottle. 


7a. Label with concentration and preparation date* 
7b. Store 1n a refrigerator. 




14. Stock Chroalun 
Solution 


1. 


Weigh out 1*923 grans of 
chromlun trloxlde (Cr0 3 ). 


la. Use an analytical balance and a plastic \ 
weighing boat. 






2. 


Add about 500 ml of Water 
to a 1000 ml volumetric 
flask. 


* 






3. 


Transfer the -chromium 
trloxlde to the volumetric 
flask. 


3a. Use a wash bottle and rinse the weighing boat 
with water three t1«e$ t adding each wash to tfce 
flasks 


9? \ 


• • 
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HATER MONITORING PROCftHJRE : 



Determination of Total Cadtfum, Chromium and lead by 
Atonic Absorption 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Reagent Preparation 
(Continued) 



15. Stock Lead 
Solution 



4, Add ?.Q ml of concentrated 
nitric add. 

5. Dilute to the mark. 



6. Mix thoroughly* 

7. Store 1n a tightly-stop- 
pered reagent bottle 



1. Weigh out 1.599 grams of 
lead nitrate (Pb.[N0 3 ) 2 ). 

2. Add about 500 m\ of water 
to a 1000 ml volumetric 
flask. 

3. Transfer the lead nitrate 
to the volumetric flask. 



4. Add 10 ml of concentrated 
nitric add. 

5. Dilute to the mark. 



,6. Mix thoroughly. 

7. Store 1n a tightly-stop- 
pered reagent bottle. 



4a t Use q 5 ml graduated plpet. 



5a. The solution contains 1000 mg Cr/Hter 
(1 ml - 1 mg Cr). 



7a* Label with concentration and preparation 

date. v 
7b, Store 1n a refrigerator. 

la. Use an Analytical balance and a plastic weighing 
boat. 



/ 

3a. Use a wash bottle and rinse the weighing boat 
with water three tines adding each wash to the 
' flask. 

4a. Use a 10 al graduated plpet. 



5a. With water. 

5b. The solution contains 1000 ng Pb/llter 
(1 al » 1 ag Pb). 



7a. Label with concentration and preparation date. 
7b. Store 1n a refrlgeratorx. 
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HATER H0MT0R1N6 PROCEDURE 



Deterwlnatlon of Total CadNlim, Chront 
Atonic Absorption 



7 

i«rand 



lead by 
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OPERATING PROCEDURES 



STEP 



seoueWe_ 



INFORHATIO^OPERATIHG GGALS/SPECfPICATIONS 



TRAINING 
6UIDE NOTES 



D. Instrument Set-up ' 
\. Pre Uara-up- 



2. tanp Installation 



ERIC 



1. Prepare the Instrument for 
Initial operation. 



1. Install appropriate hollo* 
cathode lamp. 



2. Align the lamp for maximum 

^ Intensity. 

3* Set appropriate wavelength. 



la, Reference 1s made* to the manufacturer? S'wnual of 

operation. ^ 
lb. Check power requirements and availability. 
1c. Provide adequate ventilation, Including a vent 

over Instrument burner. 
Id, Provide 1 adequate space for Instrument and work 

.area, \ * 

1« 9 Provide ftnafn facility for the Instrument. 

la. Hollow cathode lamp*, for lead; chromium and 

cadmium must be available, 
lb* If the Instrument 1s a single beam type, some 

method of warm-up for the hollow cathode lamps / 

should be available. 
lCt Do not exceed the maximum current rating for the 

lamps as this can seriously affect Its life . 

and stability. 
Id* Refer to the Instrument manufacturer's manual for 

proper Installation procedure. 

2a. Gheck Instrument manual for proper procedure. 
3a. Pb, 283.3 ran Cd, 228.8 m\ Cr. 35^9 nm. 



> 



4 



9« 



Atomic Absorption 



> 0PERAT1N6 PgDCEPURES 

0. Instrument Set-up 
(Continues) 

3. Burner 
Optimization 



4. Check Aspiration 
Rate 



STEP SEQUENCE 



1. Install the burner head. 



9 
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) 



2. Attach the necessary gasses 
to the Instrument. 



3. Align the burner to obtain 
opt 1m absorption. 



1. Optimize the aspiration 
rate. 



INFORHATION/ORSRATING 60AtS/SPEClFICATI0NS 



U. The usual burner head for direct aspiration Is 
the three slot Bollng head. For aspiration of 
organic solvents a conventional head with a 
single slot 7.6 cat (3 Inches Lh used. 

2a. For this procedure, acetylene and air are used. 

Use purified grades of the gasses? 
2b. Attach a pressure regulator to the tanks. Use i 

CGA fitting of 610 for the acetylene and a 590 
^ or 1340 for the air. 
2c. Connect cylinders through the regulator to the 

Inlet part of the Instrument with plastic 

pressure tubing. y 
2d. All cylinders should be securely fastened to 

prevent thai fro* tipping over. 

3a. The analysis of lead Is exceptionally sensitive 
to turbulence and absorption bands in the flame. 
Therefore, some care should be taken to posit km 
th§ light beam In the most stable, center, portion 
of the flame. To. do this, first adjust the 
burner to maximize the absorbance reading with a 
lead standard. Then aspirate a water blank and 
make Minute adjustments In the burner alignment to 
minimize the signal. 

la. Aspirate a standard Into the 'burner and adjust the 
aspiration rate until optimum absorbance 'Is ob- 
tained. 



( 



TRAINING 
GUIDE NOTES 



.0.3.2a 
P. 32) 



VII. 0.3. 3a 
(p. ») 



VII.D.4<la 
(P. 33) 
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WATER H)HITOfiIH& PROCEDURE 8 Determination of Total .CadnJw, Chroaliaa and Lead by 
■ Atonic Absorption * 



E7-16 



OPERATING PROCEDURES 



SJ£? SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



1 

TRAINING' 
GUIDE NOTES 



E. Solubilization for 
"Total" Metal $7 
IF NECESSARY . 



ERIC 



I. Acidify the entire sample 
at the tine of collection 
with cone, nitric acid, 
5 ml/liter^ 



2. Proceed with the rest of 
these steps only if 
necessary. 



3. Transfer 200 ml or w>re 
of the well-Mixed sample 
to a graduated beaker ^ 
of appropriate size. 



4. Add 5 nl 1:1 hydrochloric 
acid for each 100 ml 

of sample to be treated. ' 

5. Heat the acidified sa*>1e 
In the beaker on a steam 
bath or a hot plate until 
the volume has been 
reduced to 15-20 ml : Make 
certain the sample does 
not boll . 

6. Remove the beaker and 
allow contents to cool. 



la. For petaVs other than Cd, Cr and Pb, consult 
i the source of this procedure for possible 
modifications of this procedure. 
Jb. The acid pay have to be redistilled before use* 
See C.2. for details. 

'v f 
,2#. For drinking water samples, this entire 
solubilization procedure Is necessary only 
if the samples contain visible suspended 
and/or settleable matter. 

3a. 200 ml Is a usual sample volume for amtal 
concentrations less than 100 Mg/llterT Choose 
a volume appropriate to the expected level of 
metal concentration. Cadmium and lead can be 
analyzed from the same sanpld aliquot.- A 
separate sample aliquot Is recommended for 
chromium. 

3b. Additional volumes will be required to provide 
sufficient final volumes for additional runs 
of the sample, e.g. as a duplicate, a spike, 
analysis for several elements, etc. 

4«. IF- THE SAMPLE IS BEING PREPARED FOR FURNACE _ 
ANALYSIS, do not add the 1:1 hydrochloric acid. 

4b. The acid may have to be distilled before 
use. See C.4.^nd 5. for details. 



V 



VII. E. 2. 2a 
(p. 33) 



VII. E. 3.3a 
(P. 34) 



VII. E. 3.3b 
(P. 35) 
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WATER HUH I TOR I HQ PROCEDURf ; 



Deteralnatlofr of Total Cadalua,' Chroaiu* and Lead by 
Atonic Absorption 




OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATI 



OPERATING^ GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



E. Solubilization for 
"Total" Metals, 
IF NECESSARY 
(Continued) 



7. Wash down the teaker 
walls with denized 
distilled water. 

8. If necessary; filter 
the saaple into a 250 al 
separatory funnel If 
cadlalua and/or lead Is" 
to be deteralned. Use 
a 250 al graduated beaker 
as a receiver If chroalua 
Is* to be deteralned. 

9. ' Adjust the voluae of the 
treated saaple according 

_/ to. the requlreaentSu-of 
1/1 . the subsequent analytical 
procedure. 



\ 



7a. Use a saatj voluae of the water. 



8a. Filter If (he saaple 1s 'turbid. If you see 
particles or If past experience with the 
saaple 'source -Indicates that you should. r 
(Filtration reaoves particles that could- clog 
the atoalzer of an at oak absorption Instruaent). 
If filtration 1s not necessary, go to the next 
step. 



8b. 



101 , 



10 : Continue wl^h Procedure F, 
Preparation 4f Standard * 
Dilutions, 



J . 

9a. If the saaple 1s to be directly aspirated, tip 
final voluae aay be a reduction of the original 
to effect up to a JOX concentration of the 
saaple. 

9b. If the saaple 1s to be treated by a chelation - 
extraction procedure to determine Cd or Pb, the 
•* saaple should be quantltatlvelytransferred to 
a 250 al separatory funnel and brought to the 
voluae of the standards used to establish the/ 
standard curve. The final voluae used In tfifs 
write-up 1s 200 ah f j ' 

9c. To deteralne total chroalua, the saaple should 
be brought to the voluae to be used for the 
standards. In this wrfte-up,,the flpal voluae 
1s 200 al .to be contained In a 250 al beaker 
for use In Procedure G. 

9d. If the saaple 1s to undergo furnace analysis,, 
the treated saaple should be adjusted back to 
the voluae of the aliquot used for this 
v solubilization procedure. 

10a. CalibrattX Standards* aust be analyzed with the 
saae pro/»dures as are applied to saaples. 



© ■ 
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I.E. 9. 9a 
(P. 30) 
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MATER HQWlTOfilNG PROCEDURE : 



E7-18 



Determination of Total Cadalua, Chroalua and lead by 
Atoalc Absorption 



OPERATING PROCEDURES 



' F. Preparation of • 
Standard Dilutions 



1. Prlnry Dilution 



J 



2. Intermediate 
Dilution 



STEP SEQUENCE 



1. Add about 500 al of water 
to a 1000 al volunetrlc 
flask. 

t 

2. Add 5.0 ml pf concentrated 
toltrjc acid. ( 

3. Plpet 10 Ml of the stock 
solutlon(s) df the aetal(s) 
of Interest Into tills 
volunetrlc flask. 

4. Dilute to the aark with 
water. 

5. Mix thoroughly and label. 



1. Add about 100 al of water 
to a 200 al voluaetrlc 
flask. 



I 

1.0 nl of 1 * 



2. Add 

nitric acid. 



concentrated 

r. 



3. Plpet 20 nl of the pxt- 
m$ry dilution of the 
metal (s) of Interest Into 
the flask. 



4. Dilute 1 to the 
water. 



rk with 

5'* Nix thoroughly and label. 



I Nf ORMAT I ON/OPE RAT I KG GOALS/SPECIFICATIONS 



la, Estimate the amount. 



2a, Use, a 5 nl graduated plpet. 
2b, Use safety glasses 



3a. Use a 10 nl volunetrlc plpet for each neasurenent 
3b. It saves tine and glassware to prepare a mixture 

of the metals at this stage If more than one 

metal Is of Interest. 



5a, The solution contains 10 ng/lltfir of Cd and/or 
Cr ahd/or Pb. 

5b, Ideal ly, this solution should be .prepared at the 
tine of use. t 

la, Estlnate the Amount. V 

• „ * 

2a, Use a graduated plpet. J 
3a. Use a 20 al volutetrlc plpet. 




solution contains 1 ag/llter of Cd and/or 
(or Pb. 



i 



TRAINING 
GUIDE NOTES 



l.F. 
(P. 30) 
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WATER HutlHORlfc PROCEDURE; Determination o* Total CadmW Chromium' and lead by 

Atomic Absorption 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS. 



TRAINING 
GUIDE NOTES 



F. Preparation of 
Standard Dlluttons 
(Continued) 

3. Calibration 
Standards 



1. Prepare a blank and a 
series of calibration 
standards. ' 



f 



I. ' 



105' 



5b, This solution should be prepared at the tine 
• of use. r » 



la. Prepare a blank and standards using volumetric 
.plpets (1, 2, 5, 10. 20 ml) for Measuring the 
Intemedlate dtlut tort and a graduated cylinder 
for the water. — 

lb. To determine Cd and/or Pb, prepare one series of 
standards In six labeled, 250 ml separatory 
-funnels so they are ready for the extraction 
procedure, (H). Columns A and B In the Table on 
E7-20 are to be used to prepare- 200 a) volumes. 
(Hake sure the stopcock on each funnel Is 
closed before you add solutions to It). 

1c. To determine Cr, prepare a separate blank and 
series of standards In six labeled, 250 ml 
beakers so they are ready for the oxidation 
procedure (G). ? The volumes In Columns A and B . 
In the table E7-20 are to be used to prepare 
200 ml volumes. 

Id. Calibration, standards should.be prepared fresh, 
for each run of samples. " 

le. The standards are used to prepare a standard 
curve. 

If. Once the standard curve has been determined, It 
need not be redone each time the analysis'* Is 
carried out. However, It should be verified 
- by running a blank and a calibration standard at 
the MCI. Standards at, the MCI are Included In 
the Table-bn^the next page: 
-For Cd, 2.0 ml Intermediate Dilution 
For Cr, 10.0 ml Intermediate Dilution 



-For Pb, 



10.0 ml 



Intemedlate Dilution x 



<; 

■9 

VII. F. 3.1. lb 
(p. 35 ) 



VII. F. 3.1.1c 

(P. 34) -.f 
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yAffR HOIKING pfflCEpupf^ DetenMnatlo^ of Total CadjUun, ChroiluM and Ua* py 

Atonic Absorption • 



E7-20 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



^TRAINIMG 
GUjll NOTES 



F. Preparation of 
Standard Dilutions 
(Continued) - . 



/ . 



Ig. Table for preparing standards: w 



it 



V 



Ml'S Of 

Inter. 
01 In. 



1 



2. 



To determine 
wlth^Proce 
tlon. To 
and/or Pb, c 
Procedure H, 
of Metals. 




continue 
oxlda- 
ne Cd 
loue with 
traction- 



TOT 
1.0 
§1.0 
6.0 
10.0 
20.0 



Ml *S Of 

Mater 



200 
199 
198 

19# 

180 



Cone. 
(Mg/1) 
200 Ml 



0 



In 



0.000 
0.005 
0.010 
0.025 
0.050 
0.100 



Cone. 
(Mg/1) In 
Final 10 Ml 



0.00 ' 
0.10 
0,20 
0.50 
1.00 
2.00 



Instrument 
Reading 



VII.F.3.1.1g . 
(P. 33) 



G. Oxidation for 
Total ChroMluM 
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1. 200 nl volumes of sample(s 
and of standards should 
be in 250 jnl beakers at 
'this stage of the analysis. 

/ • * 



2. If necessary , adjust the ; 
pH of each to 2.0 or less. 

A. *dd 0.1 N potassium per- 
^fmanganate (KMnOj drop- * 
wise to each solution <* 
until a fa'lnt pink color 
persists. , 



4. iteat on a steam bath for 
20 minutes, adding 



) 1«. If It was not necessary to solublllze the sam- 
ple(s) (Procedure E), at this tine; 
-measure 200 ml of* each well-mixed Jsample fnto 
a labeled, 250 ml teaker. 
-teasftre £J0ml of one of the samples to run as 
a duplicate (In a 250 ml beaker) / . 
- -measure 200 ml of one of the samples 'kind spike 
f\ It (In a 250 ml beafcer)'* 

• 2a,' Use a pH meter to check pHL 
.2ba Use cone' nitric acid dropwlse to adjust the pH. 

3a, The extraction procedure (H) will extract only 
hexavalent chromium. To determine total 
• chromium, you add potassium permanganate to 
oxtdlze any trlvalent chromium to the hexavalent 
species. 

If <voluwr becomes a problem, use a more con- 



3b. 



centrated solution of KNnO 



4- 



4a. A slight excess of KMnd- must be maintained. 



Vll.6.1 
(P. 34) • 

VII.G.l.la 
(P. 35) 
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WATER HDH1T0R1N6 PROCEDURE S 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



TRAINING 
6UIOC NOTES 



G. Oxidation for 
Total Chroalua 
(Continued) 



V 



10 j 



s. 



additional drops of 0.1 N 
KMnO. to any solution In 
whlcn the faint pink color 
disappears. 

Untie stUl on the steaa 
bath, add sodlua ailde 
solution (Q.H) to each 
solution dropwlse until 
the faint pink color of 



the KHnOj 



just disappears. 



6. Continue heating the solu- 
tions for 5 nlnutes after 
adding the last drop of 
sodlua azlde solution. 



7. 



Transfer the beakers to a 
jxater bath and cool to 
rooa teaperature. 

If necessary, filter the 
solutlon(s) Into a 250 al 
separatory funnel (s). 



9. 



If filtration was not 
necessary, quantitatively 
transfer the saaple(s) 
and standards to 250 al 
separatory funnels. 



5a. Potass lua peraanganate can Interfere with 

subsequent processing. 
5b. Heat for about 2 alnutes after each addition 

of sodlua azlde. Avoid adding any excess. 



\ 



8a. Use Uhataan No. 40 or equivalent filter paper 
to filter any solution with a brownish preci- 
pitate or cologrtlon which aay Interfere with 
the pH adjustaent In the extraction procedure 
(H). If a pH aeter Is used In procedure H. 
you do not need to filter even If a solution 
Is colored at this stage. 

9a. Label each funnel to Identify the contents. 
9b. Keep rinse voluaes as snail as possible during 
the transfer. 



E7-21 
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VII .6.9 
(p. 35) 
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HATER MONITORING PROCEDURE ; 



\ 



E7-22 



OPERATING PROCEDURES 



STEP SEQUENCE 



I Nf ORHAT I ON/OPERAT I HG GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



U. Extraction of Metals 



I. pH Adjustment 



111 
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1. 200 «1 vol unes of su- 
ple(s) and of standards ^ 
should be In 250 ml 
separatory funnels at this 
stage of the analyses* 



1. Use a pH meter and hydro- 
chloric acid (2.51 V/v) to 
adjust the pH to 2.3 |n. 
each solution. Then 
continue at H.2. t Chela- 
tion and Extraction. 

2. Add 2 drops of broeiophenol 
blue Indicator to each 
sample and to each 
standard. 

3. Mix well. 

4. Add ammonium hydroxide 
dropwlse until a very 

pale. blue color persists. 



5. Add 2. St vK hydrochloric 
acid dropwlse until the 
blue color Just disappears 



< 



la. If It was not necessary to solublllze y 
(Procedure E) or to oxidize (Procedure G) / 
the sanple(s), at this time: 
-measure 200 il of each well-nixed sample Into 
a labeled 250 nl separatory funnel, 
-measure 200 nl of one of the sanples to run 
. as a duplicate (in a 250 nl separatory funnel), 
-neasure 200 nl of one of the sanples and spike 
it (In a 250 nl separatory funnel). 

la. A single combination electrode Should be used 
so the adjustment can be done In the separatory 
funnels* 

lb. y 1f the pH neter and single combination electrode 
are not available, use steps 2-6 to do the pH 
adjustment using bromophenol blue Indicator. 



*3a. If tony solution Is pale blue, skip step 4. « 

4a. Use concentrated NH.OH for acidified sanples and 
standards nade with 10 or more nl qf acidified 
Intermediate dilution solution. " Use 2 N NH-OH 
for more dflute standards. ~ * 

*4b. The reagents -should be in glass droppert bottles 
for this addition. Use a hood. 

5a. Use a glass dropper bottle for this addition. 
5b. A pale yellow color maf appear. 



(P.30) 

VII.H.l 
(P*. 34 \ 

VII.H.l. la 
(P. 35) 
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WATER MONITORING PROCEDURE ; 



OPERATING PROCEDURES 



6. Add 2.0 Hi 2.51 v/v 
hydrochloric acid. 
Stopper and shake .{ 

1. Add 5.0 ml pyrrolidine 
dlthlocarbamte acid (PDCA) 
reagent to the sample (s) 
and to each standard. 



STEP SEQUENCE 



2. Shake each vigorously for 
2 alnutes 



3. Allow the PDCA reagent to 
settle to the bottoa of 
the separatory funnel. 

4. Open the stopcock and 
slowly drain off the lower 
reagent phase of each Into 
a 100 ml beaker. 

5. If total chromium Is to be 
extracted, re-adjust the 
pH of the aqueous phases 
In the separatory funnels 
back Ho 2.3 before con- 

j tlnulng. Omit this step 
If only Cd and/or Pb Is 
to be extracted. 



I NFORMAT I ON/OPE RATING GOALS/ SPECIF I CAT IONS 



TRAINING , 
GUIDE NOTES 



H. Extraction of Metals 
(Continued) 



2. Chelation and 
Extraction 



( 




A 
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6a. JJse i LDil volumetric pi pet. 
6b. The pH^t this point Is 2.. 3 



la. 
lb. 



1c. 



Use a 5.0 volumetric pi pet for this step*. 
This reagent should be allowed to com to rooa 
temperature before pipetting, since It will be 
stored In a refrigerator. 
The bottle should be restoppered Immediately 
after use and returned to the refrigerator to 
prolong usefulness. 



2a. CAUTION: Use proper technique with the separatory 
funnel. The reagent contains volatile solvents 
and pressure Is formed which Is released by 
opening the stopcock periodically. 

3a. Enough time should be allowed for complete ' 

. separation of the two phases. 
3b. It may take up to 3 minutes. 

4a. Mark each beaker with the number of ml used to 
• prepare the standard or with the sample 
Identification code. 



5a. Use the steps In Procedure H.I., pH Adjustment 
(above), to adjust the pH back to 2.3 In each 
solution. 



\ 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPE RAT INS fiOAlS/SP Et I F I CAT I ONS 
« — 



TRAINING 
GUIDE NOTES 



H. Extraction of Metals 
(Continued) 



3. Recovery of ' 
Complex 



4. Digestion of 
Complex 



FRir 



6. Add a second 5.0 ml of 
PDCA reagent to each 

- separatory funnel; 

. * > 

7. Shake each vigorously for 
two alnutes. 

8. Allow the reagent to 
settle and separate. 

9. Open the stopcock and 
slowly drain off the 
lower reagent phase Into 
the beaker containing the 
reagent phase fro* the 
first 5.0 ml extraction 
of tha sample or standard. 

1. Evaporate each combined 
extract to dryness on a n\ 
steam bath' In a hood. 



2. Remove and cool 2 minutes. 

1 . Add 2 ml concentrated 
nitric acid (HNQJ to 
each residue. 
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6a, The saw volumetric plpet can be used for elk 
additions of PDCA to all saaples and standards^ 
provided caution Is used to prevent con ta»1 na- 
tion. - 

7#. CAUTION: Use proper technique. Open the stop- 
cock periodically to release pressure. 

8«, It should take about 2*4 alnutes for complete 
separation of the two phases. 

94, A pale pink color way show 1n extracts. 



la. The residue 1$ a Tight color with possible pale 

green or blue tinges, 
lb. Do not "bake" the jresldue. 
lc. Should take about 10-15 alnutes. 



la. Best carried out In a hood. This 1s a violent 
reaction with boiling and dark brown fanes given 
off at the beginning. 

Ib» Hold the beaker at a 45 degree angle. User a 
Measuring plpet for the acid and add the acid 
down the walls, dropwlse at first while rotating ' 
the beaker. When aost of the residue has 
dissolved, the actd tan be added at a faster rate. 

lc. The concentrated HML aus f be a good grade jis any 
aetals In the acid. will be concentrated along 
* with the saajrie. 
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HATER' H0N1TORIN6 PROCEPURF ; 



Determination of -Total 
Atonic Absorptfon 



Cafetun, ChronluM and Lead ly 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NEORMAT I ON/OPE RAT I N6 GOALS/ SPECIFICATIONS 



TRAINING 
6UIDE NOTES 



N. Extraction of Metals 
(Continued) 



5. Dissolving the 
Residue 



in 



ERIC 



Z\ Place the beakers on a 
low temperature hot plate s 
or sum bath and eva- 
porate [just up to dryness. 




3^Rembve from hot plate and 
^ool for 2 nlnutes. 

1. Add 2 nl of 1:1 nitric 
acid (HNOJ to each 
beaker. J 

2. Return each to the low 
temperature hot plate or 
steam bath and halt for 

1 minute. 

3. Cool and quantitatively 
transfer each solution to 
a labeled 10 ft) volu- 
metric flask. 



Brtrig each to the -final 
10.6 ■] volume with 
lionized distilled water, 

5. Stopper each and «1x well. 

6. The s^mple(s) and standards 
are runt ready fo&asp1ra 
tlon Into the atomic 
absorption Instrument. 



2a. Care $894 Id be taken to remove each beaker when 
only a very small amount of deep brown liquid 
remains in the beaker. 

2b. The evaporation takes aboufc# minutes. 



la. Use a measuring plpet. 

lb, Down Inside walls at first. 



2a. Both standards and samples should be carried 
through this step at the same time as It could 
affect the final concentration of acid. 



3a. A~st1rr1ng rod and a plastic wash bottle con- 
taining delonlzed distilled water should be used 
to wash the beaker and transfer the solution. 
3b. A wide base 10 ml volumetric flask Is suggested 
- or place the volumetric fjask In a beaker to 
' prevent tipping \% over. A 10 ml stoppered 
^ graduated cylinder can be used' Instead of a 
^ volumetric flask. 

3c. Mark the flask or cylinder with the number of ml 
used to prepare the standard or wtth the sample 
Identification code. -* 

4a. You might use a dropper to add the final amount 
of water. 



in 
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HATER MONITORING PROCEDURE: Determination of Total Cadmium, Chromlm and Lead by 

Atomic Absorption ✓ 
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OPERATING PROCEDURES 



STEP SEQUENCE. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE. NOTES 



r. Instrument 
Calibration 

\ 



1. Turn on power to Instru- 
ment and lamps. 

2. Check and adjust to 
optima settings all 
Instrumental operational 
parameters. 



1. Asprlate the blank to 
finalize the zero setting. 

4. After the standard series 
has been prepared (Section 
F), oxidized (Section 6). 
and extracted (Section H), 
begin with the lowest 
standard* and aspirate the 
series Into the atomic 
absorption Instrument, 

5. Measure and record the 
peak height, In milli- 
meters, obtalnedjbn the 

records. < 



6. Check all results before 
proceeding. 



la. If the power has been turned opt. 



2a. Set wavelength to one of the settings given 

earlier (D). 
2b. Install proper lamp. 
2c Adjust current to the lamp as listed by 

manufacturer. 
2d. Set-slit width. , 
2e. Ignite flame. 

2f , Adjust fuel and oxidant flows to produce a 

blue flame. , ^ 

2g. Adjust zero on recorder. 
2h. See operational manual for directions. 

3a. After .extraction, v 



4a. If the Instrument Is to be adjusted to read 
directly In concentration It* may be necessary to 
start with the highest standard to set the slope 
of the absorbance. The Instrument manufacturers 
manual will describe the procedure. 



6a. The various Instrument operational settings 
should be recorded for the record. 

6b. Repeat the aspiration of the standards and blank 
a sufflcleit number of times to secure a reliable 
average railing for each. The finalized readings 
could be recorded In column E on the Table In ' 
F.3.1.1g /, 
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HATER MONITORING PROCEDURE ; Determination of Total Cadalua, Chroalua and lead b* 

Atonic Absorption 



OPERATING PROCEDURES 



•STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



I v . Instrument 
Calibration 
(Continued) 



.7. Plot the standard curve. 



7a. Plot a curve for each. Metal. 
^~-k«7b. Plot on' linear graph paper. 

7c. Plot the peak height. In allllneters against the.' 
concentration. In ag aetal per liter, before 
extraction. - See Colum C on the Table, F.3.1. lg 
7d. To check a standard curve, run at least a blank 
and one standard at or near the MCI. This check 
should be done with each sanple or set of saaples 
The check should be within + 10* of the original 
value. If not, a new standard curve should be 
prepared. 



VII.I.7.7d 
(p. 35 ) 



•K Calculations 



1. 



Read the aetal concept ra- 
in each sanple in ag/ liter 
froa the appropriate 
calibration curve (1.7). 



P 



la. So Tong as 200 nl portions of sanple are used, 
the calibration curve can be used directly to 
obtain ag/ liter concentrations for saaples. 
lb. If a saaple was diluted to a 200 al voluae, 
aultlply the curve reading by an appropriate 
dilution factor, 
lc. If aultlples of 200 al voloaes of a sanple were 
processed and extracts coablned, aultlply the 
k/\ curve reading by the appropriate factor. 



Vll.J.l.lb 
(P. 34) 

VII. J. 1.1c 
(P. 34) 



K. Instruaent Shut-Down 



1. If a flaae Is burning, 
aspirate water for about 
15 seconds. 

2. - Close the acetylene 

cylinder valve.. 
\ ' . 

3. Close the air cylinder 
"Valve. 

4. Depress necessary switches 
to off. 
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U. This will prevent build-up of solids In the 
capillary. 

2a. The flaae will automatically extinguish itself, 
leaving about 9 pslg In the acetylene supply line 



4a. CAUTION: Exercise care In touching the burner 
head and vent area. These will be hot enough 
td cause serious bums. 



E7-27 
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HATER MONITORING PROCED URE ; Determination of Total Cafelu*, Chroalm and U*a" by 

Atoalc Absorption 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



"training 

jSUIDE noti 

— T 



I. Maintenance 



1. Clean the Instrument 
regularly. 



2. Insure the drain cup 1$ 
filled each day prior to 
Ignition. 



la. A regular program of care and Maintenance will 
prolong the life-time and maximize Its utility. 
Such Items as filters In gas lines, air Intakes, 
burner compartment, burner, and nebulizer should 
be, cleaned. 

2a. See the Instrument manufacturer's panual for 
exact procedures. 
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TRAIWIWG 60 IDE 



section 

II 
III 
IV 
V* 
VI 

VII* ' . 
VIII 
IX 



, TOPIC 
Introduction 

Educational Concepts Hatheaatlcs 
Educational Concepts - Science . 
Educational Concepts - CoanuM cations 
Field and Laboratory Equipment 
Field and Laboratory Reagents 
Field and Laboratory Analysis 
Safety 

Records and Reports v 

V 



( • 

♦Training guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures. 
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MATER MONITORINC- PWOCEDURSS; Determination of Total Cadelua, Chrorlun and lead by 
* \ ». Atari c Absorption 



INTRODUCTION 



'Section I 



TRAINING GUIDE NOTE 



REFERENCES/ RESOURCES 



F. 



, H. 



The National Intarli Prleary Orlnklng. Water Regu- 
lations listed ten Inorganic parameters which are 
required to be analysed for by a public water 
supplier. Along with this 11st, a level was set for 
the aaount of that parameter permitted to bt ' ' 
water. This was the "Max1»ua Contaminant U 
Ma." The Ma's for. the metals Included 1n 
procedure trer 

Cadriu* - 0.010 ag per liter 
Chrtarlui - 0.05 ag per Uttr 
lead- - 0.05 ag ptr liter 

Xht range for calibration standards 1n this writa- 
up 1s bastd on tht MCL concentrations. Tht stt 
to bt prepared will provide at Itast ont standard 
abovt and ont below tht MCL for cadaiun or chroriui 
or ltad, thus bracketing tht concentration of 
interest. 

At such low. levels as tht MCL's an txtraclrforf pro- 
cedure Is tfsually tht reeonended nethbd to con- 
centrate staples so an Instrwent can detect the 
aetal. Extraction levels rtcemnded for these 
three aetals are: Y 



- 1 



E.}.9a 



9 Cadalua - 0.020 ag pel* liter 
' Chrorfua - 0.050 ag per liter 
Lead - 0.200 ag per^liter 

Accordingly, ttrf; wrlte-^p Includes an extraction 
procedure using POCA - chloroform reagent. 

Another way to concentrate aetals 1n saaples 1s to 
evaporate a large vol use. of a saa&le at a low pH , 
and then * directly aspirate. Up to a 10X concen- 
tration of a saddle by evaporation 1s permissible 
If these three conditions are mat: 

1. The* total dissolved solids in the original sam- 
ple do not exceed 500 ag/liter. ^ 

2. The determination is corrected/ for non-specific 
absorbance. ( 

3. There 1s no loss by precipitation. 



Methods for Chesrical 
Analysis of Water and 
wastes; 1979, EPA-EMSL, 
Cincinnati, Ohio 45268, 
Metals Section 



J 

Ibid 



V 
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MATER HQNIT0P.IN6 PROCEDURES: 



Detenrtitftion of Total Cadeiua, Chrmim and Lnd by 
Atoeric Absorption f " 



INTRODUCTION 



< Section I 



TRAINING 6UIDE NOTE 



REFERENCES/ RESOURCES 



Tht results obtained by this short-cut should be 
checked thoroughly before reporting. The total 
solids would cause light-scattering effects 
producing high results. The saaple absprbance 
should be checked at a non-absorbing wavelength. 
If^absorbancs 1s still obtained at this wavelength, 
then the scattering effect Is contributing to the 
saaple value and the extraction pnxeoWjnst be 
carried out. 

Sulfates tend to suppress the absorbanca of. energy 
by lead causing low readings. With i standard * 
concentration at the MCL accompanying all samples, 
this Interference could be detected. 
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WATER MONITORING PROCEDURES: Ottanrl nation of Total Cadarlui, Chrowlua and laid by 
» Atorfc Absorption 



Field and Laboratory Eqolpwnt 



Section V 



7f 



TRAINING GUIDE NOTE 



REFERENCES/ RESOURCES 



D.3.2a 



ERiCE7.32 



As acetylene (OJCH) 1s packed dissolved 1n acetone 
(CHjCOCHjK cylinders should be stored oitfy 1n an 

upright position. The acetone content of the gas 
typically depends on Jihe cylinder temperature and 
pressure. Avoid Introducing acetone into the in- 
strument* Should this occur, the normal flame ob- 
tained will have a slight pink tinge and yield *n 
abnormally m high background signal*. To, reduce 
acetone carry-over, ft 1s desirable to allow 
acetylene cylinders ^to stand undisturbed for at 
least twenty-four (24) hours before use. Replace 
the cylinder when the cylinder reaches 50 ps1g. 



/ 
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Instrumentation laborato 
Incorporated, 

Instrunentatlon Handbook 
113 Hartwell Avenue 
Lexington, MA 02173 
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WATER M0HIT0EIN6 PROCEDURES : Determination of Total <U<toim, Chromium and Lead by 

. Atari c Absorption 



Field and Laboratory Analysis 



Section VII 



TRA 



GUIOE NOTE 



REFERENCES/RESOURCES 



0.3.3a 
0.4.1a 
F.3.1.1g 



E.2.2a 



\ 
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Aftar tha extraction procsdurt In this analysis, 
tht voIum of tha calibration standards for any 
of thtsa metals Is only 10 il. You will ntad 
additional amounts of a high and low standard 
to usa In sotting up tha AA Instrument. Collar 0 
In table F.3.1.1g. givts tha ranga of tha con- 
centrations of tha standards aftar extract 1 on 
whan they are ready for aspiration Into the 
AA Instrument. You can prepare comparable 
standards by further diluting the primary 
dilution solution described 1n F.lT. For 
example, two mis of primary dilution further 
diluted to a 200 ml vol una has a concentra- 
tion of 0.10 mg/Hter. (The 200. ml volume 
should also contain 20 ■! concentrated nitric 
add so the add content 1s comparable to the 
extracts). Later, use the extracted blank and . 
standards for a final check. 

If particulates are In the sample, .Procedure E 
Is carried out In order to solubfUze any of the 
metal 1n the particles. If particulates are 
present and you do not carry out Procedure E, 
filter the sample through a 0.45 micron filter, 
extract, aspirate and report the value as 
"dissolved" metal. 



< 



f 
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WATER H0MIT0RIH6 PROCEDURES: Determination of Total Cadmium, Chromium and Lead by * 

Atonic Absorption . % 



F1tld and Laboratory Analysis 



Stctlon VII 



E. 3.3a 

F. 3.1.1C 



E.3.3a 

8.1 

H.l 

J. 1.1b 
J.l.lc 

) 



TRAINING 6U10E NOTE 



If chromium Is the natal of Interest, the 
standards, samples, duplicate and spike should 
be treated as a totally separate determination. 
There 1s no problem 1n using a mixture of metals 
in the preparation of the chromium standards. 
However, problems .can be caused If the reagents 
1n the oxidation procedure for chromium Introduce 
contamination 1n regard to metals other than 
chromium 1n the final solutions to be aspirated 
Into the-AA. The alternative 1s to run blanks 
on the oxidation; reagents along with "mixed" 
standards 1f you want to us* one sample for i\\ 
three.' of the metals. . y 

200 ml 1s a .usual staple vol una for tht attraction 
procedure for natal concantratlons lass than 
100 ug/11ter. If usa ^f 200 art of sample gIVas 
rasults too high -to be on scalar consult. tha * 
source of procadurt about dolny. a dlract aspira- 
tion of tht saaplmK Alternatively, a smaller 
sanple aliquot can be ustd and dllutfcd t-v^ht 
200 nl volumitr ustd for the standards & establish 
a calibration curare for tht extraction procadurt. 
Tht final calculation 



mg/T1ter natal . 

1n sanple " A HT' 



Mhart: " 
A-ng/1 of natal 1n diluted sanple obtained 
fron a calibration curva 

B-val delonlzed distilled water used for 
dilution 

Cml of sanpJe aliquot 

If usa of a 200 art sanple gives too low results, 
mora than one sanple aliquot can bf treated and 
tha extracts contained. Jfte final calculation 



«g/11ter rtetal, 
1n sanple 



i 



where: 

■Am g/1 of metal 1n sample obtained from i 
calibration curve. 

8"vo1ume 1n ml of each of the standards* used 

to develop the-, curve. 
Ototal volume 1rr ml of sample aUquots whose 

extracts were, combl ned . 



REFERENCES/ RESOURCES 
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MATE* MONITORING PROCEDURES; [fctenrl nation of Total Cadmium, Chroniw and Laid by 

Atari c Absorption 



Fltld and Uboratry Analysis 



Section VII 



TRAINH6 GUIDE NOTE 



REFEREhXES/RES 



OURCES 



E.3.35 
6.1.1a 
H.l.U 



M.l.lb 
6.9. , 



I.7.7d 
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As a chock on precision, you should measure a 
sacond aliquot of at least ona sample In a sat, 
and proctss 1t In exactly tha same manner as 
tha first. Ideally, tMTrasults from the two 
ill quota should agree within tha range of two 
(thraa maximum) standard deviations; as astabHshad 
by tha analyst. . > 

As a chock on accuracy, you should prepare a 
spiked aliquot of a chosen sample Ina set 
and process 1t 1n exactly the sane nanner as 
the unsplked saapla To determine the. amount of 
spike .to add, you. not have-some knowledge of the 
concentjmBton of the unsplked saapla either by 
aaalyrfriHt or froe previous experience. Add 
enough spike to about double a concentration 
at tha lower end of the standard curve concen- 
trations. If the saapla 1s at tha Intermediate 
part of the curve, add sufficient spike to bring 
the concentration to about 75* of the curve 
range. You can use either the primary or the 
Intermediate dilutions In Procedure F for spiking, 
depending on the concentration you choose to add 
and keeping In mind that added volumes should be 
minimal. One ml of primary dilution adds 0.05 
ag/Htar in a 200 ml sample volume. One ml of 
Intermediate adds 0.005 mg£l1ter to a 200 ml 
volume. The Table- 1n F.Xl.ig. can be a useful . 
guide. After running the unsplked and spiked 
samples, calculate the % recovery. Check the 
X recovery for the analysis as established by 
the analyst. 



Larger volume 'funnels may be. used. Also, 1f 'th1s 
number of separatory funnels 1s not available, 
the standards can be prepared and held .1n other 
type containers prior to the actual extraction 
procedure. Jake care that the solutions do not 
get contaminated during the holding time. 

When a dally check of the standard curve falls 
outside the 101 limit of the procedure, reagents 
prepared since the last check and any recently 
purchased chemicals should be checked before 
doing a new curve. If possible, soma old chemical 
should be retained when a new- batch 1s purchased. 
Consequently, the new nay be checked against the 
old, should doubt arise In Its purity. 



Handbook for Analytical 
Quality Control. 
USEPA-AQCL, 1972, 
Cincinnati, Ohio 45268, 
Chapter 6 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF MERCURY USING THE FLAMELESS 
ATOMIC ABSORPTION (COLD' VAPOR) TECHNIQUE 



r 



as applied 1n 

MATER AND WASTEWATER TREATMENT FACILITIES 
and In the 
MONITORING OF EFFLUENT WASTEWATERS 4 



NatlonaV^Tralnlng and Operational Technology Center 
Office of Water Program Operations 
U.S. ^Environmental Protection Agency 



CH.ME.hg. lab. WMP. 1.1 1.77 
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HATER N0NIT0RIN6 PROCEDURE: DetefUri nation of Mercury Using the Flaraeles* 

Atomic Absorption (Cold Vapor) Technique 



1. Analysis Objectives: 

< 

The learner will use the attached WMP to prepare a sample for analysis In- 
cluding reagenjb and- sample preparation. A descrlptfwcof the Instrumentation 
will be presented. However, the learner should consult the manufacturers- 
direction for operation of any equipment. 

2. Brief Description of Analysis: 

This procedure 1s a* three step procedure which 1) chemically vaporizes the 
sample, 2) Introduces the mercury and 3) determines the mercury by flameless 
atomic absorption techniques. 

3. Applicability of the procedure: 

This methvd 1s appTlcable to, drinking, surface, and saline waters; domestic 
and Industrial wastes. 

a. Range cf Concentration - The method 1s recommended for use In the range 
of 0.2 ng Hg/liter using a 100 ml sample; the upper. limit can be varied 
by instrument expansion or dilution. 

b. Pretreatment of the Sample - No pretreatment is necessary as the chemical 
digestion procedure inherent in the method^ is sufficient. * 

c. Treatment of interferences - High" chlorides will require additional permanga- 
nate (as much as 2£ ml). Then additional hydroxylamlne Sulfate 4s needed 
(25 ml) and the dead air space of the sample container swept out by air 
before addition of the stannous sulfate. 

Some volatile organics can Interfere but can be removed by a preliminary 
run without. reagents. 

" * . ' 

d. Source of the Method,- Manual of Methods for Chemical Analyses of Wa^er 

and Wastes, 1974 ed., p. -119; U.S. EPA Technology Transfer, CintL, OH 45268 
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HATER. MONITORING PROCEDURE: Determination of Mercury Using the Flameless 
... 7 Atomic Absorption (Cold Vapor] Technique 



Operating Procedures: 
A. Equipment Preparation 
•J. Instrument Set-up 

C. Reagent Preparation 

D. Sample Handling and Preservation 

E. Calibration ' 

» t* 

F. Sample Determination 
6. Calculation ' . 
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WATE^R WNITORING PROCEDURE: Determination of Mercury Using the Flameless 

Atomic Absorption (Cold Vapor] Technique 

% < 

Equipment and Supply Requirements 

A. Capital -Equipment: # . 

1 . Atomic absorption spectrophotometer - Any commercial atomic absorption 
Instrument 1s suitable if 1t has an opert burner head area in Which to^ 
mount an absorption cell, and 1f it^ovides the sensitivity and 
stability for the analyses^ Also instruments designed specifically 

-rffor the measurement of mercury using the cold vapor technique are 
commercially available and may be substituted. 

2. Mercury hollow cathode lamp 

3. Recorder - Any mult'lrrange variable speed recorder that 1scompat1ble 
with thelJV detection system is suitable. » ' - 

.4. Absorption cell - See Figure 4. The cell 1s constructed from glass 
or pi exlglas- tubing 25.4 mm O.D. x 114 mm (Note 1). The ends are 
ground perpendicular to the longitudinal axis and quartz window 
, . [25.4 mm diameter x 1.6 mm thickness) are cemented 1n place. Gas 

Inlet and outlet ports (6.4 wn diameter) are attached approximately k 
12 mm from each end. The cell 1s -strapped to a support and aligned 
1n the light beam to give maximum transmlttance. ^| 

5. Analytical talafce, 200 gram capacity *• » 

6. Trip balance, 5o0.gram capacity* ."•> 

7. Water bath, capable of maintaining 95iMEemperature 

B. Reusable SuppH^: 

1. Air pump - Any peristaltic pump, with electronic speed coijtrol , capable 
of delivering 1 liter of air per minute may be used. (Regulated com- 
pressed air can be used .Inan open one-pass system. ) 

2. Six BOD bottles (plus oneT&ottle 1s needed per sample) 
3* Volumetric flafcks . \ . 
■ Six 1000 ml \:' . ' \ 

. w Four 100 ml v 

One 2§0 ml - , > . ' 

4. Pipets * * ' 
Five 10. ml graduated <. »- • 

\' Two 1 ml graduated < 
One 1 mf volumetric , 
One i m\ volumetric * ** 
Three 10 ml volumetric * 
One 5 ml volumetric 1 - *' 

5. One 100 ml graduated cylinder;* two 25 ml graduated cy finders 

6. One Laboratory atJron or' coat 

• 7. Ohe pair safety glasses % , 

8. ^ One spatula - , ; 

9. One pipet bulb 

10. One wash bottle for distil led>ater 

11. One^|las,s stirring rod (abbut~6 Inches long) 

Note 1: An all gJass absorption cell,' 18 mm O.D.^y 200 mm, with Inlet 12 mm 
frdm the endjj^^mm O.D. outlet 1n the center, and with quartz windows has 
been found -Suitable. 
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HATER MONITORING PROCEDURE: Determination of Mercury Using the Flameless 

Atomic Absorption (Cold Vapor) Technique 

A 

Equipment and Supply Requirements (Continued) 



"1 



12. One powder funnel 

13. Rubber stoppers - two size #2 (for drying tube) 

14. Fifteen feet of Tygon tubing v 
. 15. One glass tubing - 6 Inches x 3/4 Inch diameter 

16. One RotomeW (any unit capable of measuring air {low of 1 11ter/m1n.) 

17. One set cork hole borers \, 

18. One brush (for cleaning balance) 

The following equipment 1s needed depending on which method 1s chosen to trap 
tHe mercury. 

1. Liquid trap 

a. Straight glass frit, cOarse porosity, such as Coming 1404260 

b. Filtering flask, such as Corning #40058. 

c. Rubber stopper, one hole to accept frit 

d. Reagents, KMnO^ and HgS0 4 




2. Solid trap 

• * 

. a. Activated carbon such as Barnebey and Cheney #580-13 or #580-22 
from: Barnebey and Cheney. 

E. 8th Avenue & Cassldy Street 
Columbus, OH 43219 

or 

, • Coleman Instruments 
42 Madison St. 
Maywood, IL 60)53 
Item #50-160 

b. Glassware - Can be assembled similar to the drying tube (Figure 3). 

3. Closed System t 
The following equipment 1s nf&ed when usjng the closed system with a 



trap. 



a. Two position valve, or stopcock, such as Corning #442838 
*» b. Glass "Y" shaped tubing connecter > 

«, c. Pinch clamp, type used for stopping flow 1n tubing f 

C. Consumable Supplies : 

1 . .Sulfuric* add (H^SO^) concentrated . • 

2* Nitric add (HN0 3 ) concentrated 13ft 

3. Potassium permanganate^^MnO^ ' - 

4. Potassium persulfate, Kg^s 
O 5. Sodium chloride, NaCI 

M£ -f - ' • • 
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MATER MONITORING PROCEDURE : Determination of Mercury Using the Flame! ess 

Atomic Absorption (Cold Vapor) Technique 

Equipment and Supply Requirements (Continued) 

6. Hydroxylamine sulfate (HQNH^-H^ or 

Hydroxylamine hydrochloride NH 2 0H-HC1 
'7. Stannous sulfate, SnS0 4 or stannous chloride, SnCl 2 
8. Mercuric Chloride, HgCl 2 
9\ Hydrochloric add concentrated 

10. Magnesium perchlorate, Mg(C10 4 ) 2 for drying tube* 20 g. , 

11. Distilled water 

12. Sponges (for cleaning laboratory table tops) * ' 

13. Notebook for recording weights and readings" 

. 14. Two pieces of glass tubing (5 mm diameter, about two Inches long) for 
the drying tube - \ 

15. Glass wool (for drying tube) ; 

16. Plastic weighing boats (about 10) 

17. Pen or pencil^ . 



o ■ 
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HATE^HONITORINe PROCEDURE: .Determl nation of Mercury Using, the Flameless 
* Atomic Absorption (Cold Vapor) Technique 



Sample 



Chemical Sample Preparation 

a. Oxidation of all mercury to mercuric form 

b. Reduction of all mercuric mercury to metallic mercury 



y 

~*4 



Aeration 



The metallic mercjw 1s druculated as a vapor through 
the system 



Flameless Atomic Absorption 



•.A 



: Absorption of energy at. 253.7 nm from a hollow cathode 
lamp measured Jby a photodetector 



» 



V 




/V 
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MATER H0WIT0 W<r?^9CEDua£ ; Determination of Mercury Using the Flameless Atomic 
^ Absorption (Cold Vapor) Technique 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT IOft/OPE RAT I N6 GOALS/SPECIFICATIONS « 



TRAINING 
GUIDE NOTES 



A. Equipment Preparation 

1. Cleanlrtg of~ 
Glassware 



1 . Wash with detergent. 



ID 



la. Cleanlrtg should be carried out 1n this order, 
lb. Care should be taken to Insure clean glassware. 
If possible glassware should be reserved for 
mercury analysis ogly and separated frdm other 
glassware. 



2. Balance Preparation 



2. Rinse with tap water. 

* <* 

3. Rinse with 1:1 njtric add 

4. Rinse with tap water. 

5. Rinse with 1:1 hydrochlorii 
add. * 

6. R1nsen*1th tap water. * ^ 

7. R1nsf with distilled wfcter, 

1. Check all balances for 
cleanliness and proper 
operation. 



- 3a. Add 500 ml concentrated Sn1 trie- acid (HNOj to 
500 ml distilled wateA ? 



5a*. .Add 500 ml concentrated hydrochloric add (HC1) 
to 500 ml distilled water. 



Irtsl 



B. Instrumental Set-up 
i * 
1 . Flow System 



1. Before oper^ion of the 
instrument, four additions 
to the system should be 
considered (Figure 1). 



13 ( 3 



ERIC 



la. There are two ways the flow system can be set up. 
It can be operated as a closed or open system. - 
In the closed system the mercury vapor con- 
tlnously passes through the system until wasted 
-In the mercury trap by the operator. 'In the 
open system the vapor passes through the absor po- 
tion tube only once and goes directly to the trap. 

y Which system 1s chosen will dictate what equipment 
1s necessary. Figure I shows the choices *nd the 
equipment necessary for each. 

- • - * * E8-9 
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HATER H0NITORIN6 PROCEDURE: Determination of Mercury Using the Flameless Atomic 

Absorption (Cold Vapor) Technique 



E8-10 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Instrumental Set-up 
(Continued) m > 

2. Mercury Trap - 
Liquid Type 



One of the fallowing mer- 
cury traps shoyld be In- 
cluded 1n the system/ 



2. For a liquid type trap, 
use a 250 ml side arm 
filtering flask. 

3- Assemble as shorn 1n 
Figure 2. 

4. Insert stra4ght gas dis- 
persion tube or frit 
through the hole so that 
the bottom or fritted end 
1s about one Inch above 
bottom of the flask, 



5. Insert Into filtering 
flask. 

6. Connect tygon tubing to top 
end of frit and a second 
piece of tygon tubing to 
the side arm of filtering 
flask. 



7. Add 200 ml of 1:1 potassli 
permanganate (KMnO^) - 

sulfuric add CH 2 S0 4 ) • 

Reagent 1 (Reagent #10). 



2a. 



Because of the toxic nature of mercury vapor, 
precaution must be taken to avoid contamination. 
The vapor wttl be held in the trap after 1t has 
been measured. 

Use a filtering flask such as Coming 1400580 
or its equivalent. 



3a. Use a #3 cork bole borer to make the 'hole, 



4a. FPIt should have a coarse porosity such as 
• Corning #404260 or equivalent. The frit should 
always fall below liquid level 1n the flask. 
ShriUld the levej become low add more liquid 
(Reagent #10). The nonfrltted end should be 
lubricated and care taken when the frit 1s In- 
serted through £he stbpper so as not to break 
the frit and Injure the worker. 



6a. Care should be taken so that the liquid level does 
not come close to the opening of the side arm of 
the flask. This could flo(|ft the instnment 1f 
allowed to do so. If flqpding should occur, 
dismantle the absorption tube and clean it and 
, the tubing immediately. 

7a. A solution of 0.25X Iodine 1n a 3X potassli* • 
. iodide (KI) solution nay also be used (Reagent 12). 

7b. Filling the flask can be postponed until all of 
-' the apparatus Is assembled. 



ERJC 
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WATER MONITORING PROCEDURE: Determination of Mercury Using the Flameless Atomic 
- . Absorption (Cold Vapor) Technique 



OPERATIJjj^KWJfEDURES 


STEP SEQUENCE 


I NFORMAT 1 0N/0P£RAT I NG GOALS/ SPEC I F I CAT I ONS 


TRAINING 
GUIDE NOTES 


B Jfr\* twmontal Set- tin 

( y Cont1nued) / 




* 




2. Mercury Trap - 
Solid Type 


1 . The apparatus can be pre^ 
pared similar to the dry- 
iny cud€ \d-oj DUt pacKeo 
with 2*3 grams of acti- 
vated carbon. 


' la. Locate after 2 position valve 1n closed system, 
Figure 1 (system two) or after the analyzer In 
an open system, Figure 1 (system three). 

4 






2. The equipment can be pur- 
chased with adsorbent as 
an option from the 
analyzer manufacturer. 


2a, Posltfon as above. 

• 




3 Drvlna Tube 


1. i/UiiDtruLL as b riuwn in 

Figure 3. 

2. Bore a hole through, a 
number 2 stopper with a 
number 2 cork hole borer. 
Repeat with a second 
stopper. 


ia. riare Detween sample container and Instrument. 

« 


» 




3. Insert a 2 Inch long piece 
of glass tubing (5 mm 
diameter) through each* 
stopper allowing about 1/2 
Inch protruding from each 
end. 

4. Fill a 6 Inch piece of 3/4 
Inch diameter tubing with 

*20 grams of magnesium 
perchlorate (Mg(C10 4 ) 2 ), 


3a. Care should be taken when Inserting glass tubing. 

4a. Other drying agents such as calcium chloride 
(CaCl 2 ) may be used. 

',/ ... " 
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MATER H0MT0RIN6 PROCEDURE: Determination of Mercury Using th*Flameless Atomic E8 " 12 

Absorption (Cold Vapor) Technique . n 



OPERATING PROCEDURES " 


ST£P SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


* TRAINING. 
GUIDE NOTES 


B. Instrumental Set-up 
(Continued) 

S 


5. Use a small piece of glass 
wool 1n each end of the 
tube to prevent loss of 
granules. w ^ 

6. Insert stopper prepared 
above 1n each end of tube. 

7* Replace drying agent whSn 
needed. 

t 


5a. The tube should not be packed so tight as to m 
restrict gas flow. * 

7a. Replace magnesium perchlorate or any^lrylne agent 
regularly. These Materials tend to cake and form 
a plug when their Unit of saturation 1s ap- 
proached. The length of time the Material will 
last will .vary with use and samples. Experience 
will dictate a routine. 




Kotometer 


1. Must be capable of- measur- 
ing a gas flow of 1 liter 
per minute* 

i 

% 


la. Place between water trap and Instrument. See 

Figure 1 for location. 
J^The rotometer may be removed from the circuit 

after the Instrument pump rate 1s checked.- 
lc. The flow rate should be checked periodically to 

Insure flow rate has not changed. 




✓ 


c. connect one length of 
tubing betweet) the sample 
container and the drying 
tube through the rotometer 
to the fitting of the 
instrument. 


2a. The connection must -be made to the sample con- 
tainer by side arm. Reverse tubing connections 
may flood the Instrument with liquid. 

v "* *- . v 


1 




3. A second length of tubing 
snouia oeqin at the out 
fitting of the instrument 
and proceed to the next 
piece of equipment. 


3a. See Figure 1 for gas flow path. 

» 


J 
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WATER MONITORING PROCEDURE: 



Determination of Mercury Using the Flamel ess Atomic 
Absorption (Cold Vapor) Technique 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT ION/OPERATING GOALS/ SPEC If I CATIONS 



TRAINING 
GUIDE NOTES 



6. Instrumental Set-up 
(Continued) 

5. Two Position Valve 



6. Recorder 
(Optional) 



7. Instrument 



1. A two pasltlon valve 1s 
necessary when ustng a " 
closed system and a trap* 
Use stopcock, Coming No. 
442838 or equivalent for' 
the two way valve or 
stopcock. 

2. One position of the valve 
' should go through the • 

.trap to the sample con* 
talner. The other position 
should by-pass the trap 
and be connected to the 
frltpf the sample* 
confaln^t^ 

1. Any multi-range variable 
speed recorder that 1s 
compatible with the equip- 
ment 1s suitable. 

1. Follow instrument 

manufacturer's directions. 



2a. 



It 1s Important to Maintain a specific air 
volume, 1n the system. Once the system 1s 
calibrated, this volume cannot be changed unless 
the system 1s recalibrated. 



la, 



Use of a recorder or. Its equivalent for analysis 
of potable water samples 1s strongly recomended. 



• C. Reagent Preparation 
I. Sulfuric Add 0.5 N 
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1. A/Id 14.0 ml concentrated 
Sulfuric add (H 2 S0 4 ) to 

approximately 500 ml water 
and mix. Then dilute with 
water to 1 liter volume. 



ERIC 



la. The concentrated HgSO^ should be of low mercury 

concentration, 
lb. Unless specified the tern water means distilled 
water. 

lcr Use a 25 mV graduated cylinder to measure the 
sulfuric ^dd. 
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WATER H0NIT0RD1G PROCEDURE:- 



Oetermlnatlon of Mercury Using the blameless Atomic 
Absorption" (Cold Vapor) Technique 



E8-14 



OPERATING PROCEDURES- 



STEP SEQUENCE 



IflfORMAT IQN/OPERAT I N6 GOALS^SPECIFICATIONS 



TRAINING 
GUIDE NOTE'S 



C. Reagent Preparation 
(Continued) . 

« 

2. Potassfum 
Permanganate 
Solution - 51 

. >o'lut1on^/v 



3. Potassium Persul- 
fate ^fclutlon -f 
■ 5* Solution ,w/f 



SodHn Chloride 
Hydroxy 1 amine . 
Sulfate Solution 
Sol ut Ion- 
ia NaCl 

12* , >/vl 



((H0NH 2 ) 2 -H 2 

5. Stannous Sulfate 
Solution - 101 
Solution w/v " 



6. Sulfide A'c1< 
Concentrated 

1 < H 2 S ° 4 ls ' 



ERIC 



1. Prepare .100 ml of solution 
containing 5.0 grams 
potassium permanganate 
(KMn0 4 ). 



1. Dissolve 5.0 g potassium 
persulfate (K^Oq) \# 

water and dilute to TOO ml 

1. D1ssolvert2.0 g of sodium 
chloride ^NaCl) and 12.0 % 
of hydroxyl amine sulfate 
((H0NH 2 ) 2 -lCS0 4 ) 1n water 

and dilute, to 100 ml. 



Add^.O g stannous sul- 
fate '(SnSO.) to about 40 

0.5 N sulfuric add and 
dilute with- 0.5 sulfuric 
add to 50 ml. 



1. No preparation necessary. 



# 

-A 



1.4 y 



V 



T 



.la. Should a larger amount o*> reagent solution be 
needed the same ratio should be maintained. For 
example: prepare 1000 mT\£f solution containing 
50 grams KMnO^. 

lb* Heigh,' out 1n plastic weighing boat on w trip r - 
balance. — 

Id. Weigh out 1n a plastic weighing boit on a trip 
balance. i \ 



H. Hydroxyzine hydrochloride (NH 2 0H-C1) may also 

be used, ^t should be prepared in the sani? 
manner. , • 

lb. Heigh out 1n a plarafc weighing boat on a trip 
balance. Z^. 



la. Stannous ch )J\<le (SnCl 2 -2H 2 0) may be used and be 

prepared 1n JM same manneitfi 

lb. The add ISWgent no. 1. " 

lc. Tflls 1s a suspension and should.be stirred con- 
tinuously during us^. 

Id. Weigh out 1n a plastic welgh'lgg boat on a trip 
balance. 

la. This should be reagent grade and low 1rt merctry 
>Mncentrit1on. 
Cabtlon: tMs ts corrosive. 
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WATER MONITORING PROCEDURE: 



Deter»1 nation of Mercury Using the Flawless Atomic 
Absorption, (Cold Vapor) Technique 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFQRMAT I ON/OPERAT I NG GOALS/ SPEC I F I CAT I ONS 



TRAINING 
GUIDE NOTES 



C. Reagent Preparation 
(Continued) * 

7. Nitric Adit • 
Concentrated 
(HN0 3 ) 



.8. Stock Mercury 
Solution (HgCl 2 ) 



ERIC 



9* Intermediate 
Mercury Solution - 
- (HgCl 2 ) Dilution 

of Solution 8 
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1. No preparation necessary. 



1. Dissolve 0.1354 g of mer- 
curic chloride (HgCl J 1n 
water. > c 

2. Add 10 ml concentrated 
nitric add (HN0 3 ). 

3. Cool to room temperat 

4. Dilute to ldO ml w1tb 
water. 



1. The Intermediate solution 
1s a dilution of the stock 
so lutiftQ^to. adjust the 
concentration of Hg to 

0.1 yg/ml . Proceed as 
follows. 

2. Add about 700 ml water to 
a 1000 ml volumetric flask 

3. Add 0.5 ml concentrated 

HNO3. 



la. This should bejreagent grade and low 1n mercury 

content. ^ 
lb. Caution ; this 1s corrosive, 
lc. If a high reagent blank 1s obtained, it may*e 

necessary to distill the nitric add. 

la. Weigh out 1n a plastic weighing boat on an 
analytical balance. 



2a. Caution ; solution will Increase 1n temperature. 
2b. 'Use* a 10 ml graduated plpet. j * f 



4a. Concentration of stock solution 1s noft 

1 ml * 1 mg Hg. 
4b. StQck solution 1s stable for several months. 



la. Prepare fjfesh befdre use. 



3a. The nitric add concentration of the dilutions 
Including the working solution should be main- 
tained at 0.15%. This add should be added to 
the flask before addition of the aliquot. 

3b. Use a 1 ml plpet graduated 1n tenths. 



E8-15 
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WATER MONITORING PROCEDURE: Determination of Mercury Using the Flameless Atonic 

^Absorption* (Cold Vapor) Technique 



E8-16 



OPERATIN G PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
6UIDE NOTES 



C. Reagent Preparation 
(Continued) 



10. Working Mercury 
Solution (HgCl 2 ) 

Dilution of 
Solution 9 



Pre 

~T1qi 



Prepare 11 or 12 for a 
iquld trap. 



11. PotassluM * 

Permanganate 0.1 H 
(KMn0 4 ) and 

Sulfuric Acid 1OT 
Solution (for 
Mercury Trap) 



ERIC 



4. Add 10 ml stock Hg 
solution. 

5. Dilute to 1000 ml mark. 
This solution contains 
10 yg/ml. 

\< Add about 700 ml water to 
a 1000 ml volumetrlc'flas* 

2. Add 1.5 ml* concent rated 
HN0 3 . 

3. Add 10 ml of Intermediate 
solution (10 yg/ml). 

4. Mlute to 1000 ml mark. 
\Th1s 1s working solution 
N and contains OJ yg/ml. 



1. Dissolve .316 g potassium 
permanganate (KMnO^) 1n 

• 100 ml water. 

2. Add 10 ml concentrated 
sulfuric add (H 2 S0 4 ) to 

about 80 ml water. Dilute 
to 100 ml with water. 

3. Nix equal volumes of each 
solution; KMN0 4 (1) and 

H 2 SQ 4 (2). 
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4a. Use a 10 ml volumetric plpet. 



2a. Use a 10 m> graduated plpet. 
3a. Use a 10 ml volumetric plpet. 



la. Let stand until following solution 1s prepared, 
lb. Weigh out In a plastic weighing boat or a trip 
balance. ' 



2a. Caution ; heat generated. 

2b. Should be at room temperature before vol 

adjustment. 
2c. Use a 10 ml graduated plpet. 
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WATER MONITORING PROCEDURE: 



Determination of Mercury Using the Flameless Atomic 
Absorption (Cold Vapor) Technique 



OPERATING PROCEDURES 



C. Reagent Preparation 
(Continued) 

12. Iodine (0.25) in 
KI (31) Solution 



D. Sample Handling and 
Preservation 



ERLC 
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STEP SEQUENCE 



1. pleasure 250 ml of dis- 
tilled water In a gradu- 
ated cylinder. 

2. Transfer about ^lf the 
water to a 500 ml 
Erlenmeyer flask. 

3. Weigh out 7.5 grams of 
potassium Iodide (KI). 

4. Transfer the potassium 
iodide to the 500 ml 
Erlenmeyer flask and 
dissolve. 

5. Heigh out 0.63 grams of 
1od1ne ; (l). 

6. Add to the Erlenmeyer 
flask and dissolve. 

7. Add the remainder of the 
water. 

8. Nix well. 



Upon collection, the sample 
pH should be lowered to 2 
or lower by the addition 
of concentrated nitric / 
add (HN0 3 ). 



^INFORMATION/OPERATING GOALS/SPECIFICATIONS 



3a. A trip balance can be used. 



5a. A tr c 1p balance can be used. 



la. If only dissolved mercury 1s to be determined, 
the sample should be filtered before addition * 
of the add. For, total mercury the filtration 
Is omitted. 

lb. If nitric add cannot be used because of shipping 
restrictions, the sample may be Initially pre- 
served by 1c1rto and Immediately shipped to the 
(Continued) 

r 

E8-17 ' 



TRAINING 
GUIDE* NOTES 
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MATER M0NITORIH6 PROCEDURE^ 



DeteVmtnation of Mercury Using the Flameless Atonic 
Absorption {Cold Vapor) Technique 



E8-18 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



0. Sample Handling and 
Preservation 



\ 



2. Collect samples 1n 
appropriate container. 

3. Do not store samples bey one 
the acceptable tine. 



laboratory. Upon receipt 1n the laboratory, the 
sanple must be "acidified with concentrated nitric 
add to pH<2. 

y 

2a. Samples should be collected 1n add-washed glass 
or high density polyethylene bottles. 

3a. 'Samples should be analyzed within 38 days 1f* 
collected 1n glass bottles and within 13 days 
If collected 1n polyethylene bottles. 



*E. Calibration 



Prepare a series of 
standards from the working 
mercury standard. 



la. Prepare as follows: 



mi's of . 




Concentrated 


Standard 


f mi's ofjjjter 


. • pgHg 


0.0 / 


100.0 


0.00 


0.5 - 


gg.5 


0.O5 


1.0 - 


gg.o 


0.10 


2.0 


98.0 


0.20 


5.0 


• 95.0 


0.5O 


10.0 


90.0 


1.00 



lb. Use 300 BOO bottles, 
lc. Use volumetric plpets to ptpet the standards. 
Id. A 100 ml graduated cylinder ma/ be used for the 
water. 



2. Mix thoroughly. 

3. Add 5 ml -concentrated 
sulfuric add (H 2 S0 4 ) to 

each bottle. 



3a. Mix thoroughly;. . 

3b. Use caution when using concentrated acids. 
3c. Use a 5 »1 graduated p1p$t. 



I.E. 3 
VII. E. 3 
(p. 22 I 
p. 26) 



MATER MONITORING PROCEDURE: 



Determination* of Mercury Using the blameless Atomic 
Absorption (Cold Vapor) Technique 



OPERATING PROC EDURES 

E. Calibration 
(Continued) 
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STEP SEQSEHCE 

4. Add 2.5 ml concentrated 
nitric acid (HN0 3 ) to" 

each bottle. 

5. Add 15 ml potassium 
permanganate (KMnOJ 
(Reagent no. 2). * 



6. Allow to stand 15 minutes. 

7. Add 8 ml potassium 
persulfate (K 2 S 2 0 8 ) 

(Reagent no. 3). 

8. Heat 1n a water bath at 
95°C for 2 hours. . 



9. Cool to room temperature. 

10. Add 6 ml of the sodium 
ch 1 or1 de-Hydroxy 1 ami ne 
sulfate (NaCl-(H0NH 2 ) 2 - 

H 2 S0 4 ) (Reagent no. .4). 

1. Allow to stand ^t -least 
30 seconds. 



ERIC 



I NFORMAT I ON/OPE RAT ING GOALS/ SPEC I FI CAT I ONS 
4a. Mix thoroughly. 

4b. Use caution when us+ng^concentrated acids. 
4c.. Use a 5 ml graduated plpet. 

5a. Shake and add additional potassium permanganate 
solution, 1f .necessary, until' the purple color 
persists for the following standing time.. 

5b.Use a 25 ml graduated cylinder for the addition. 



7a. Use a 10 ml graduated plpet. 



8a,. The. heat step is required for organic mercury 
compounds. For standardF^prepared with d1s- 

•' tflled water and mercuric chloride, the heating 
step 1s not necessary. 



10a. 
10b. 
10c. 



11a. 



Shake well. . - 

Use a 10 ml graduated plpet. ' ' 

This reagent should decolorize the solution. 

6 ml 1s not enough; add sufficient extra to 

complete' the decoflorlzation. , 



If 



Up to this point all samples to be run can be . 
treated as a group.- From this point each must be 
done Individually as the mercury 1s/ liberated 
Immediately upon addition of the Stannous 
sulfate. 



TRAINING 
GUIDE NOTES 



1G0 
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WATER HONITORING PROCEDURE: Determination of Mercury Using the Flameless Atomic 

* Absorption (Cold Vapor) Technique , 



OPERATING PROCEDURES 



STEP, SEQUENCE 



I NFORMAT ION/OPERAT I NG GOALS/ SPEC I F ICAT IONS 



TRAINING 
GUIDE NOTES 



E. Calibration 
(Continues) 



12. Add 5 ml of stannous 
sulfate suspension (SnSOJ 
(Reagent no. 5). * 

13. Immediately Insert bubbler 
Into the bottle. 



12a. Use'a 5 ml graduated plpet with a large bore 



13e. 



opening. 



The air mover (pump-air, cylinder, etc.) should be 

uter^It 



14. Observe reading. 



15. Trap the mercury. 



16. Continue with the, 
remaining standards. 

17. Plot a standard curve. 



calibrated before use at 1 llter/mln 
should be on and allowed to operate contlnously 
when analyzing samples or standards. 
13b. The reading will Increase and- reach a maximum 
■ within one minute. 

14a. When a recorder Is* used, allow the pen to level 
off. 

15a. In the closed system the valve must be turned to 
the trap 'position until the absorbance returns to 
the minimum value. The aeration should be 
continued. In-thje open sys.tem wait until the 
absorbance returns to the minimum value. 

16a. Repeat steps 12-15, Section D. 



17a. Plot the peak height (from the recorder plbt) 
versus the concentration In ml creams of * 
mercury on arithmetic paper. 



VII. E. 15 
(p. 26) 



II. E. 17a 
(p. 24) 



F. Sample Determination 



1 . Transfer 100 ml of the 
sample to a 300 ml BOD 
bottle. 



la. 



lb. 



The sample should not contain more mercury than 

upper limit of the equipment being used, the 
range of the method nay be varied through 
Instrument and/or recorder expansion and by using 
a Jarger volume of sample. 
The usual range of the procedure Is 012 fb about 
10.0,Mfl Hg/llter (.02 to 1.0 pgHg/100 ml). 
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WATER MONITORING PROCEDURE: 



Determination of Mercury Using the Flameless Atomic 
Absorption (Cold Vapor) Technique* 



# OPERATING PROCEDURES 



F. Sample Determination 
(Continued) 



G. Calculations 



163 



ST/P SEQUENCE 



2. Treat sample(s) with same 
procedure used 1n cali- 
bration section steps 
3 through 15. 



1 



Determine the peak height 
of the unknown(s) from the 
recorder cnart and read tta 
mercury value from the ^ 
standard. curve. \ 



2. 



Calculate thef mercury con- 
centration 1n the sample. 



Report mercury concentra- 
tion as follows: 



Below Q.2 ng/1 as <0.2 yg/1 
Between 1.0 and 10.0 pg/1 

using one place after 

decimal 
Above 10.0 pg/1 using only 
• whole numbers J 



IHrt)RMATI0N/pPERATIN6 GOALS/SPEC I F I CA 




2a. Th* standard curve once plotted should fee verl- ^ 
3 fled by use of at least a reagent' blank and one 
standard t\ or near the concentration of interest 
either dally or with each batch run. 



la. As constructed under 'step 17, Operating Procedure 
E> Calibration. 



2a. The value 1s expressed as 

wgHg/ liter = ygHg 1n the s 
volume 



U9H9 
;ab)J 



1/11 ter* so: 

e x J OOP 

vol? of sample 



Example: If\the sample was diluted by .adding 
Bdlnl of sample and addlrfg 50 ml of 
distilled water and a value. obtained 
showing O.T ygHg then: . * 



AS 



* \ 4a . < * 1 ess than . 




liter 



TRAINING 
GUIDE NOTES 
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WATER MONITORING PROCEDURE; Determination of Mercury Using the Flameless 

Atomic Absorptl-on (Cold Vapor] Technique 



SECTION 
I* 
II* 
III* 
IV 
V* 
VI 
VII* 
VIII 
IX 



TRAINING GUIDE " 
TOPIC 

Introduction ^ 
Educational Concepts - Mathematics 
Educational Concepts - Science 
^ijlucatlonal Concepts - Communications 
Field and Laboratory Equipment 
Field and Laboratory Reagents 
Field and Laboratory Analysis 
Safety 

Records and Reports 



♦Training Guide materials are presented hereunder the headings marked*-. 
These standardized headings are used through this -series of procedures. 



ERiCz 



1 6r, 



WATER MONITORING PROCEDURES: Determl nation of Mercury Using the Flameless 

Atomic Absorption (Cold Vapor; Technique 



INTRODUCTION 



Section I 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



E,3 



Theoretical Concepts 



The method 1s based on the method developed by Hatch 
and Ott. The mercury in the sample 1s oxidized to 
the mercuric 1on with potassium penJ&nganate in a 
nltrlc-sulfuric add medium. Hydroxylamlne sulfate 
1s then added to remove the excess permanganate. 
Stannous sulfate, 1s then added to reduce the 
mercury to metalWc form. Then the mercury 1s 
vaporized and circulated by the bubbler system, 
consists of a circulating pump and the bubbler. 
Measurement 1s made with a flameless atomic ab- 
sorption spectrophotometer. The energy at the 253.7 
nm mercury line emitted* by a mercury lamp 1s ab- 
sorbed by the mercury vapor 1n the flow- through 
absorption cell. The change in transmittance 4s 
detected by a phototube. 



Analytical Chemistry, 
vol. 40, p. 2085, 
December 1968. 



This 



s 
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WATER MONITORING PROCEDURES; Determination of Mercury Using- the Flameless 
; Atomic Absorption CCold Vapor] Technique 



• EDUCATIONAL CONCEPTS - MATHEMATICS 



Section II 




E.17a 



§M£e8-24 



The standard curve 1s a ref erence_$e^a fundamental 
law of absorption chemistry known as the Beer* 
Lambert law. Simply, this law states that the amount 
of energy absorbed by a solution 1s proportional to 
the concentration of the absorbing material 1n the 
solution. Applied to this outline the amount of 
energy absorbed at the wavelength of -253.7 nm 1s 
proportional to the amount of mercury present 1n a 
solution. 

If the concentrations of a series of known solutions 
(prepared as 1n step 1 under Calibration) and peak 
pelght are plotted, a straight line should result. 

When an unknown sample value 1s obtained, Its mercury 
content can be determined from the straight line or 
standard curves 

To use the attached graph paper prepare the standards 
as 1n step 1 of the Calibration section and run them 
as described. The known concentrations are plotted 
along the bottom of the graph. Then plot the peak 
weights obtained from the recorder chart plotted on 
the left of the graph. 1 

rfhere the known concentration line Intersects with 
the appropriate peak height, a mark 1s made. After 
fell six standards are plotted, draw a line through 
the marks. 



if)7 
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WATER MONITORING PROCEDURES; Determination of Mfercurv Uslna the Flam*l*<* 

Atomic Absorption (Cold Vapor) Technique 


FIELD AND LABORATORY EQUIPMENT 


Section V 




TRAININ6 GUIDE NOTE 


" REFERENCES/RESOURCES 


B.6.13 

• 


The crfterfa for certification of a laboratory for 
analysis of drinking water samples for compliance 
*1th the Safe Drfnklna Water Art fa^-R?^ Hctc ac 
nandatory equipment a recorder to be used when 
analyzing for mercury. 

• 

> 




• 


> 

« 


» 

• 


1: " 




4 


1 

i . 
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WATER MONITORING PROCEDURES: Detennl nation of Mercury Using the Flame! ess 

Atomic Absorption (Cold Vapor] Technique 



FIELD AND LABORATORY ANALYSIS 



.Section VII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



E.3 



E.15 



Los> of mercury may occur at elevated temperature. 
However, with the stated amounts of add the 
temperature rise 1s only about 13°C (25-38°C) and no 
losses of mercury will occur. 



PA Method Study 8 f Total 
tercury 1n Water, 
PA-600/ 4-77/012, Feb. 1977, 



Be suiajL^close the valve before running another 

e/stariaard when using the closed system. Since 
theVstem 1s being calibrated with the valve 1n 
that position, running a sample/standard 1n the open 
mode will produce a nonacceptable value. This 1s due 
to the change 1n volume of the system. 

0Jf£rit1on 1n the open mode does not require the 
valve.* Consequently, the opening and closing will 
not have to be done. 



r 
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RECORDER' — 




MERCUSV 



WATER 
-BOWKS jf ROTOMETER 



TRAP 

) 

SAMPLE 
CONTAINER 
(BOD BOTTLE) 



SYSTEM ONE: LIQUID MERCURY TRAP CLOSED SYSTEM 




SYSTEM TWO: SOLID MERCURY TRAP CLOSED SYSTEM 



RECORDER — 
MERCURY . y 



I I 



TRAP 

WATER |j 



TRAP 



ROTOMETER 



SAMPLE CONTAINER 
(BOD BOTTLE) 



-0 



1 



SYSTEM THREE: SOLID MERCURY TRAP OPEN SYSTEM 



Figu* 1. FLOW SYSTEMS FOR THE COLD VAPOR 
TECHNIQUE FOR MERCURY 



RUBBER STOPPER 
(size #6) 



FILTERING FLASK 
(Corning #400580) 



FROM 
MAS-50 



3 



TYGON TUBING 
STOPCOCK 



GLASS "Y" SHAPED 
TUBING CONNECTOR 




TO SAMPLE 
CONTAINER 



FIGURE 2. ARRANGEMENJ OF TWO-POSITION STOPCOCK AND 
MERCURY TRAP 
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GLASS - 
TUBING I 



6 inches 




MA9Njliym PfRCHLORATE (20 9 ) 



RUBBER STOPPER 
(#2 size) 



GLASS WOOL 



GLASS WOOL 




TYGON 
TUBING 



FIGURE 3. DRYING TUBE 
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18 MM 
18 MM 

_L 



10 - 18*CM 



FIGURE 4. CELL FOR MERCURY MEASUREMENT 
BY COLD VAPOR TECHNIQUE 



The length and OD of the .cell are, not critical. The body of the cell, 
may be of any tubular material but the end windows must be of quartz ' - 
because of the need for UV transparency. 

The length and diameter of the 1nllt and outlet tubes are not important, 
but the position of the side arms may be a factor 1n eliminating recorder 
noise. There 1s some evidence that displacement of^the.alr Inlet arm 
away from the end of the cell results, 1n smoother readings, A mild 
pressure 1n the cell can be tolerated, but too much pressure may cause 
the glued-on end windows to pop off. • 

Cells of this type may be purchased from various supply houses. 



/ - 
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A PROTOTYPE FOR DEVELOPMENT OF " 
- f . ROUTINE OPERATIONAL PROCEDURES . 

^ for the 

DETERMINATION 'OF ARSENIC AND .SELENIUM 



* '< 



» 



as applied in 

DRINKING WATER- TREATMENT FACILITIES . 
s. and in $he 

"DISTRIBUTION. SYSTEMS OF DRINKING WATER TREATMENT FACILITIES 



Wr 



National Training and Operational Technology Center* 1 
Office'of Water Prpgram Operations Z 
U.S. Environmental Protection Agency 3f 



• £ / * 

% UC .WWMP.2.11.77 , 

ERIC 



E9-1 



WATER MONITORING PROCEDURE: Determination of Arsenic affe Selenium 

General Description of Equipment. and Supplies Used in. the Process 

A. Capital Equipment: * , * 

1. Balance, analytical ■> sensitivity 0.1 milligrams 

2. Atomic absorption spectrophotometer - see. instrument section 

3. ,pH meter , * v 
\Hot plate, 110 V - . - 

Magnetic stirrer 
P^n balance 

B. Reusable Supplies*: ^ 

% 1. FlasJes, voTijnetric, §0 ml, 100 ml, 1000 ml, 

2f. Flasks* fMenmeyer, 250 ml 

3- Pipet, Volumetric, 25 ml 50 ml . 

4. Pipet, micro, 1 ml graduated 0.1 ml 

5. Pipet, measuring, 1 ml, 10 ml * * 

6. Graduated .Cylinders, 500 ml, 100 ml, 50 ml, 25 ml % r 

7. Beakers, 250 ml # \\ 

8. Funnji-, 80 nnw diameter 

9. _Rinsr>tand and>3 inch ring 9 *' 

10- Watch glass 1 y j 

IK Anion and cation exchange resin cartridges 

1J> Reagent bottles ^ 

13- pH paper ' ,/ 

14- Specialized gWsware - See apparatus section ^ 

C. Consumable Supplies: * 

K Reagents, analytical reagent gradfe 

a. Arsenic tri oxide ' * * e ' 
B. Selenium metal 

c. Zinc metal (200 flesh) • 

d. ' Potassium iodide 

e. Stannous chloride « 
^ f. Sulfuric abid 18N 

g- Hydrochloric actd, concentrated 

h. Nitric acid , « 

i. Perchloric, acid, 70-72 percent * . 
j. Sodium hydroxide 

2. Gasq* 

i 

a* Argon 

b, . Hydrogen 
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WATER MONITORING PROCEDURE: Determination of Arsenic and Selenium 



1. Analysis Objective: . * 

To determine the arsenic and selenium concentration, as listed 1n the 
Interim Primary Drinking Water Regulations, 1n water samples from 
potable water treatment and distribution facilities. 

2. Brief Description otfthe, Analysis: 

Samples are prepared to distinguish between Inorganic and total (Inorganic £ 
and organic) metal by appropriate add digestion. Either one of the 
, prepared samples or standards are treated with SnC^, a reducing agent to 

convert the metal to Its lowest oxidation state, Z1nc 1s added to the acidi- 
fied sample, generating hydrogen and producing the evolution of the metal 
hydride which 1s aspirated Into a Argon -Hydrogen flame of an atomic absorption 
spectrophotometer. . Calculations are made from a standard curve by measuring 
the peak heights Of the samples and reading the concentration. ' 

3. Applicability of th1> Procedure: 

a. Range of Concentration - From 2 to 20^/1 1s the vforklng rang\ of the 
method. 1 ------ 

b. Pretreatment of Samples - Upon collection the pH of the sample should 
be lowered to below 2 by the addition of concentrated nitric add. 
The maxlmup holding time 1s 6 months. \ 

c. Treatment bf Interferences - In analyzing most surface and ground waters, 
Interferences are rarely encountered. Organic forms of arsenic and 
selenium must be oxidized before analysis. 

d. Source of Procedure - Methods for Chemical Analysis of Water and Wastes; 
197*. Environmental Monitoring and Supply Laboratory, Cincinnati, Ohior. 




WATER MONITORING PROCEDURE: Determination of Arsenic and Selenium 

Operating Procedures: 

A. Apparatus and Instrumentation 

B. * Instrument Calibration 

^C. Reagent Preparation * 

D. Sample Preparation 

vE. Standards Preparation ^ 

F. Samples and Standards Treatment 



G. Calculations 
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HATER HON I TOR I N6 PROCEDURE: Determination of Arsenic and Selenium 
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OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT I ON/ OPE RAT I KG GOALS/SPECIFICATIONS* 



TRAINING 
GUIDE NOTES 



A. Apparatus and 
' Instrumentation 



4 
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1. Atomic absorption spectro- 
^sp photometer* 



2. Hollow cathode lamp. 



3. Recorder* 



4, Flowmeter. 



5. Medicine dropper. 



6. Reaction flask. 



7. Special gas Inlet-outlet 
tube. 



8. Magnetic stirrer. 



9. Drying tube. 



la. Any atomic absorption spectrophotometer that 
aliens the Introduction of a gaseous sample; 
double-beamed Instrument preferred because of 
Increased stability. 

2a. Arsenic or selenium hollow cathode lamp compati- 
ble with t^e spectrophotometer. 

3a. Ar\y variable-speed recorder that 1s compatible 
with the spectrophotometer; a chart speed of 
10 wo/ minute recommended. 

4a. A flowmeter capable^of measuring 1 l/m1nute, such 
as a 61lmont No. 12 orequlvalent used for 
auxiliary argon. % 

5a. A dropper capable of .delivering 1.5 ml, fitted 
Into a size "0* rubber stopper. 

6a. A pear-shapped vessel w1t»v side arm and 100 ml 
capaotty, both arms having 14/20 joint 
(Scientific Qlass JM-5835) or equivalent. 

7a. Constructed from a micro cold finger condenser 

(Scientific GaUs JM-3325) or equivalent by 

cutting off the portion below the 14/2D ground 
glass joint. 

8a.« Must be strong enough to homogenize a 50% mixture 

of zinc dust and water. 
8b. See reagent section. t * 

9a. 100 m long polyethylene tube filled with glass 
wool to keep particulate matter out of the* 
burner. 
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WATER MONITORING PROCEDURF ; Determination of Arsenic and Selenium 



O PERATING PROCEDU RES 

Apparatus and 
Instrumentation 
(Continued) 4 



8. Instrument 
Calibration 



STEP SEQUENCE 

10. Apparatus setup: See 
schematic. 



Prepare atomic absorption 
spectrophotometer for 
operation. 



2. Install the hollow cathode 
lamp for the element being 
measured (As or Se) In the 
Instrument, set the wave- 
length dial a«d align the 
lampfn accordance with 
the^Jkufacturer's 

, Instructions. 



ERIC 



3. Set the slit width accord* 
Ing to the manufacturer's 
suggested setting for the 
element being measured 
(As or Se). 

4. Turn on the Instrument and 
ajust the current to the 
hollow cathode lamp as 
suggested by the 
manufacturer. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 

10a. Connect the apparatus with the burner of the 
spectrophotometer as indicated fn the schematic 
Connect the outlet of the reaction vessel to the 
auxiliary oxidant input of the burner with Tygon 
tubing. Connect the Inlet of the reaction 
vessel to the outlet side of t* auxiliary 
oxidant, argon supply, control 'valve of the 
Instrument. 



la. It is not possible to formulate Instructions 
applicable to every instrument but in general 
one can follow the step sequence In the 
adjacent column and by consulting, the instruction! 
manual for your particular instrument. 

2a. Arsenic wavelength 193.7 mm. 

Selenium wavelength 196.0 mfl. 
2b. See instruction manual for your particular 

instrument. 



TRAINING 
GUIDE NO TES 



4a. 



Allow the instrument to warm up, usually 10-20 
minutes, until the energy source stabilizes. 
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HATER MONITORING PROCEDURE: Determination of Arsenic and Seleniun , 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Instrument 



Calibrate 
(Continu 



MM s 

erf) 



5. Install a Boling burner 
head* 

6. Turn on the argon and 
adjust to a flow rate of 
about 8 1/minute with 
the auxiliary argon flow 
at 1 1/ninute. 

7. Turn on the hydrogen, 
adjust the flow rate of 
about 7 1 /minute and 
ignite the flane which 
will be essentially color- 
less* 

8. Adjust the burner head 
both sideways and verti- 
cally in the light path 
until maximui response is 
obtained by atomizing a 
freshly prepared standard 
solution for the element 
being measured (1.00 ml 

mg (As 



equals 1.00 



or Se)) 



7a. The gas flow rates may require adjustment to 
optimize the flame for your particular instrument 



8a* The instrument is now ready to run standards and 
samples. 



C. Reagent Preparation 
1. Dionized 

Distilled Water 



2; Nitric Acid 
Concentrated 



(HNO}) 



Prepare by passing disr- 
tilled water through a 
mixed bed of cation and 
anion exchange resin. 

Commercially available 
reagent grade. * 



la. Use deionized d+sttlled water for the preparation 
of all reagents, calibration standards, «and as 
dilution water. 



la. If metal impurities are found to be present, 
distill reagent grade nitric acid in a 
bdrosiljcate glass distillation apparatus. 



ISO 
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WATER MONITORING PROCEDURE: Determination of Arsenic and Selenlun 



OPERATING PROCEDURES 



C. Reagent Preparation 
(Continued) 
3. Hydrochloric Add 



4. Diluent - Stock 



5. Potassium Iodide 
Solution 



6. Stannous Chloride 
Solution 



1*7 



ERLC 



STEP SEQUENCE 



Conine rclally avlal^gle 
reagent grade. 

Add 100 nl 18 N sulfuric 
add and 400 ml hydro- 
chloric add to 400 ml 
delonlzed distilled water 
1n a 1 Uter volumetric 
flask and taring to volume 
with delonlzed distilled 
water. 



1. Weigh 20 grains potassium 
Iodide, KI, on a pan 
balance. 

2. Transfer th^reagent into 
a 250 ml Erlenmeyer flask 
and dissolve with 100 ml 
deionized distilled water 



1. Weigh 100-gjraras stannous 
chloride, SnCl ? , on a pan 
balance. c . 

2. Transfer the reagent Into 
a 250 ml Erlenmeyer flask 
and dissolve wfth 100 ml 
concentrated hydrochloric 

^ acid, HCL. 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



la. 
lb. 



Use a 100 ml and 500 ml graduate. 
Diluent used for preparation pf working standards 



la. Use a weighing disk. 



2a. Use a 100 ml graduate. 



la. Use a weighing disk. 



2a. Use a 100 ml graduate. 



TRAINING 
GUIDE NOTES 
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MATER MONITORING PROCEDURE : 



Determination of Arsenic and Selenium 



E9-10 



OPERATING PROCEDURES 

C. Reagent Preparation 
(Continued) 
7. Stock Arsenic 



8. Intermediate 
Arsenic Solution 



ERiC 



STEP SEQUENCf 



1 . Weigh 4 grams sodium 
hydroxide, NaOH, on a pan 
balance. 

v ' 

2. Transfer the reagent to a 
250 ml beaker and add 100 
ml of delonlzed water, 
allow to dissolve. 

3. Weigh 1.3209 grams arsenic 
tr1 oxide, As 2 0 3 on an 

analytical balance. 

4. Transfer the reagent to 
the beaker containing the 
NaOH solution, allow to 
dissolve. 

5. After dissolution transfer 
Into a clean 1000 ml 
volumetric flask and 
dilute to the mark with 
delonlzed dlstlllfed water. 

v 

1. P1pet 1 ml stock arsenic 
solution (1000 Ag/1) Into 
a 100 ml volunetrlc flask 
and bring to volume with 
delonlzed distilled water 
containing 1 .5 ml con- 
centrated nitric add per 
liter. 
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INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. Use a weighing disk. 



7 



2a\ Stir tf necessary with a glass or plastic rod. 



3a> Using a weighing disk. 



4a t Stir 1f necessary. 



5a. Use a plastic wash bottle to rinse the beaker 

and stirring rod Into the volumetric flask. 
5b'. One ml equals 1.00 mg *As (1000 mg/1). 



la. One ml equals 10.0 mg As (10 mg/1). 
lb. Use a volumetric plpet. 

lc. This solution 1s made up fresh at time of use, 



l 



TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: 



Determination of Arsenjc < 



OPERATING PROCEDURES 



STEP SEQUENCE 



C. Reagent Preparation 
(Continued) 
9. Standard Arsenic 
Solution 



10. Perchloric Acid 
70-72%. HCUL 



/ 

Plpet 10 ml Intermediate 
arsenic solution In 100 
ml volumetric flask and 
bring to volume with 
delonlzed distilled water 
containing 1.5 ml con- 
centrated nitric add per 
liter.. 

Commercially available 
grade. 



D. Sample Preparation* 
1, Inorganic Arsenic 
or Selenium 



2. Total (Inorganic 
and Organic) 
AfS^nlc 



rji 



1 . To a 50 ml volumetric 
flask a^d 25 ml .of wfcter 
sample, 20 ml concentrated 
HC1 and 5 ml of 18N H 2 S0 4 , 

1 . To 50 ml of water sample 
In a 150 ml beaker add 
10 ml of concentrated 

ni triced d, and 12 ml of 
18 N sulfuric actd. 'This 
mixture Is evaporated to 
S0 3 fumes (a volume of. 

about 20 ml ) . 

2. To maintain oxldiilpg 
conditions add small 

. amounts to nitric actd 
whenever the red-browi^ 
fumes disappear. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS^ 



TRAINING 
GUIDE NOTES 



la. One mWequals 1 yg-As (1 ung/l). 
lb. Use a volumetric pipet. 

lc. This solution Is made up fresh at time of use. 



la. Altyw.to cool to ambient temperature, 
lb. Use a 25 ml volumetric plpet. 
lc*. Use 1ft ml measuring pi pets. 



la. Oxidizing conditions must be maintained ^t all 
times to -avoid loss of arsenic. 



V 



2a. Add nitric acid 'In 1 ml Irfcrements using a 
measuring plpet. 



r 
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WATER MONITORING, PROCEDURE: Determination of Arsenic and Selenium 
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OPERATING PROCEDURES 


SJEP SEfJUEMCE 


INFORMAT ION/OPtRAT I NG GOaL/SPECIFICATIONS 


• TRAINING *^ 
GUIDE NOTES 


D. Sample Preparation 
■ (Continued) 

» 


3* Allow to cool slightly, 
VJ ^»dd 25 ml of defonlzed 
/ distilled water and 1 ml 
percnlortc add, and' 
again evaporate to SO. 
fumes. 

4* Allow to cool, add 40 ml 
concenuraueu nuL, trans* 

\ fer the solution Into a 
100 ml volumetric flaskr 
and dilute to the mark 
with de1on1zed*d1strilled 
water. 


3a. Use a 25 ml graduate. Use a 1 ml Measuring 
pipet. 

• 

* 

4a. Use* a plastic wash bottle to rinse the beaker 
during the transfer. 
• 4b. Use a 50 ml graduate.- * 9 

y 


¥ 


E. Standards 
Preparation 

/ 


V 

*> 

1. Transfer 0. 0.5, 1.0, 1.5 
and 2.0 ml standard 
arsenic or selenlun so- 

Infirm tr% 100 ml urtlimAt — 

r1c flasks and brltwj to 
volume with diluent to 
obtain a concentration of - 
0, 0, 10, 15, and 20 pg/1 
arsenic or selenium. 


la> Use a 1 ml micro pipet graduated 1n 0.1 ml. 
lb. Refer to reaaent preparation section. 

< 

\ 


/ 

f 

t 


F. Samples and 

Standards Treatment* 

» 


.1. Transfer a 25 ml aliquot 
of sample prepared as 1n 
(D.l) or D.2) or standard 
prepared\,as 1n (E.)* to a 
reaction vessel . * 


la. Use a 25 ml volumetric oloiet 

ft 
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WATER HONITORJNG PROCEDURE: Determination of Arsenic and Selenium 



OPERATING PROCEDURES 



F. Samples and 

Standards Treatment 
(Continued), 



STEP 'SEQ UENCE 



2. Add 1 ml of 20 percent 
potassiim Iodide to 

t arsenic samples and 
standards only, 

3. Add 0.5 ml of 100 percent 
v stannous chloride* 5 

solution. * 



,4. Attach the reaction vesse 
to the, special gas inlet- 
oUtlet glassware. 

» 

5. Fill the medicine* dropper 
with about 1-1/2 ml of 
zinc slurry that has been 
kept, in suspension with a 
magnetic stirrer. 

6. Firmly insert the stopper 
containing the medicine 
dropper into the side 
neck of the reaction 
vessel. 

7. Squeeze the bulb to'intro- 
4uce the zinc slurry into 
the sample or standard. 

8. When ttfe absorbance 
reaches its miximum and , 
the recorder pen returns 
part wiy to the base line, 
remove the reaction vessel 

) ' 



ERLC , 



r;ir> 



INFORMATION/OPERATING GOALS/SPECIF ICAT IONS 



2a. Us a 1 ml measuring p1 pet . 

2b. Omit pQtassiun iodide for selenium determinations 
■ 



3a. Use a 1 ml measuring pipet. 

3b. Allow at least 10 minutes for the arsenic or 

selentim Abe reduced to Its lowest oxidation 

state. 



7a. 



The argon carrier gas will sweep the generated 
metal hydride Into the trtirner. The metal hydrl 
will produce a peak almost Immediately. 



V 



de 



TRAINING 
GUIDE NOTES 
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WATER .MONITORING PROCEDURE: • Determination of Arsenic "and Seleniun 



f 

Ats/; 
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OPERATING PROCEDURES 



STEP SEQUENCE,- 



I NFORMAT I ON/OPE RAT rtW GOAtS/ SPECIFICATIONS 



TRAfNING 
GUIDE NOTES 



G. Calculations 



1. Draw ? standard curve by 
plotting peak heights of 
standards verus even- 
trations of s£3ndards. 

2. Using your standard J curve 
measure the peak heights 

. of the samples and deter- 
wine the concentration 
from the curve.* 



la. Use linear graph paper. 



2a. Take in account ariy*dilution factors. In this 
case the sample was dituted 1 + 1 with add,, 

v multiply the concentration obtained from the 
curve by two. 



r 



y 
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WATER IDNITORING PROCEDURE: Determination of Arsenic and Seleni 



urn 



Aryon 



Flow 
Meter. 



r 



Drying 



JM-3325 



Medicine 
Dropper in 
Size "(T 
PTubbcr 
Stopper 




Auxthory Air) 



. Argon . 
(Nebulizer 
Air) 



JM-5835 



/ 



Schematic arrangement of -equipment for 
1 determination of ^rsenic and selenium. 
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WJTOTYPE FOR DEVELOPMENT' OF 
"INE OPERATIONAL PROCEDURES 

for the • 



' c 



DETERMINATION of nitrate-nitrite nitrogen and 

OF NITRATE NITROGEN, CADMIUM REDUCTION METHOD 



^ as- applied in 

. WASTEWATER TREATMENT FACILITIES - 

and 1n .the • v 

MONITORING OF EFFLUENT WASTEWATERS 



\ 



Developed by the 



National Training and Operational Technology Center 
' Office of Water. Program Operations 
U.S. Environmental Protection Agency- 



CH.;N.n/n.EMP.lb.3.80* 



EFFLUENT MONITORING PROCEDURE: Determination of 'Nitrate-Nitrtte'Nitrogen 

• and Qf Nitrate Nitrogen, Cadmium Reduction 
Method 

This operational procedure was developed by,: 

; NAME Don Roach • ^ 

ADDRESS ' Miami -Dade Community College, South Campus, 11011 S,W. 104 Street, 
Miami, Fl orida^ 331 76 



POSITION" Chairman - 'Chemistry Department 

EDUCATION AND TECHNICAL BACKGROUND 
B.S. - Chemistry 
M.S. - Chemistry 
PhD. - Analytical Biochemistry 
1 year Commercial Laboratory Chemist 
10 years Collegfe Chemistry Instructor 
7 years Chemical Consultant to Industry 
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EFFLUENT MONITORING PROCEDURE: 'Determination of N1trate-N1 trite Nitrogen 

and of Nitrate Nitrogen, Cadmium Reduction 
\ v Method 

1. Objective: ^ *' ' . 

To determine the nitrate-nltVlte nitrogen and the nitrate nitrogen content 
of an effluent. * / * 

2. §r1ef Description of Analysis: 

The 'procedure converts nitrate nitrogen to nitrite nitrogen when the 
nftrate*1^ pasjsed through a cclumn containing copper-cadnvium granules. 
Nitrate 1s almost. quantitatively reduced to nitrite by this process. 
The resulting nd trite 1s determined by refactlrfg "t^e^f f 1 uerit with sul- 
fanilamide and .coupling wlth^N - (1-napthyl) - ethyl enedl amine dlhydro- 
chlorftie to form a highly colored dye which can then be determined^ 
colorlmetrical ly. A correction must be made for any nitrite Initially 
present 1n the sample sftice the method determines total nitrite. The 
concentration of nitrite originally present 1n a sample can be. determined 
by omitting the Initial copper-cadmium reduction and carrying' out the 
remainder of the procedure. , Separate nltrate-nltrite^alues for a sample 
may be obtalned'by analyzing two ?Hquots of the sample; one-" with the 
copper-cadmium reduction step and on^ywlthout the Initial reduction step. 

• . 

3. Applicability of this Procedure: 

a. Range of Concentration: 

* 0.01 to 1.0 mg N0 3 -N0 2 N/1 Iter ' * 

(The range may be extended for samples by dilution.)' 

b. Pre treatment of Samples: 

* The Federal Register Guidelines da not specify any pretreatment. 

c. Treatment of Interferences 1n Samples: 

' . this procedure includes direction* for removal. of turbidity and/or of 
grease<and oil from samples. It also Includes addition of EDTA to 
'eliminate Interferences from metals. No other^ Interferences are ooted 
1n the Source of Procedure. * 



+ ■ - - 

4 ' 

Source of Procedure: Methods for Chemical Analysts of Water and Wastes, 1979, 

U.S. Environmental Protection Agency, Enivornmental Monitoring and Support 

Laboratory, Cincinnati, Ohio, page 353. 3 7 1 (Issued 1974). 
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EFFLUENT MOTORING. PROCEDURE*: Determination of Nitrate-Nitrite* Nitrogen ' 

and. of Nitrate Nitrogen, Cadmium Reduction 



Method 



FLOW SHEET*: ' 



>6% 



\ 



•r 



SAMPLE 



•TURBIDITY REMOVAL 
(1f necessary) 




OIL AND GREASE REMOVAL 
(1f necessary) 



T 



ADJUST pH TO BETWEEN 5 
AND 9 (1f necessary) 



REDUCTION OF NITRATE TO 
NITRITE BY PASSING THROUGH 
'CAdMIUM REDUCTION COLUMN 





* 


COLOR DEVELOPMENT BY REACTION 
' OF NITRITE WITH SULFANILAMIDE . 
/WD WITH N-(l> NAPTHYL) - 
ETHYL ENED I AMINE DIHYDROCHLORIDE 






MEASUREMENT OF ABSORBANCE AT ' f 
540 nm 






RESULTS: 
ORIGINAL 


NITRATE N PLUS ' 

NITRITE IT 

* 1 _ 



r v 



er|c 



The above procedures determine nitrate N plus nitrite N. The 1n1-t1al nitrite t 
concentration of the samples could be determined without reduction. ThusV 
•the nitrate concentration can be determined by: 



Nitrate N • Total Nitrite N - Nitrite N without reduction 
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EFFLUENT MONITORING PROCEDURE: Determination of N1trate-N1 trite Nitrogen 

and of Nitrate Nitrogen, /Cadmium Reduction 
Method ^ . . 

w . •* c . ■ 

Equipment and Supply Requirements ^ 

A. Capital Equipment: ' , - , _ 

1. Balance, analytical, 160 g capacity, precision ±0.1 mg 

2. Balance, triple beam, 500 g capacity, precision"* 0.25. g. 

3. pH meter/ combination electrode, range 0-14 pH 
- 4. Refrlgeratpr, temperature range 2° - 10°C 

5. Spectrophotometer, wave length range 325-825 nrn * 

6. Still and de-1on1z1ng cartridges (or other means of distilling. and 
de-1oniz1ng v<ater) 

* • '• . 

B. Reusable Supplies: . ' * ( 

1. One apron, laboratory * 
2.. One 100 ml beaker 

3. Four 250 ml beakers 4 (3 for buffer solutions) 

4. One. 4Q0 ml beaker • * 

5. One 1 liter beaker , * r 

6. One 2 liter oeeker . ; * 

7. Two bottles, Barnes with stoppers and two droppers, small gauge 

8. One 150 ml bottle, dropper 

9. One 250 ml bottle, plastic wash 

10, One 100 ml bottle, storage with screw^n cap (storage of 6N HC1) 

Jl. Seven I liter bottles, storagei brown w1 th' screw-on caps or rubber stoppers 

12. Two 5 gallon bott4es, water w}/th bottom spout 

.13. One brush, camel hair .(cleaning analytical balance) 
" % 14. Two brushes, bottle (cleaning glassware) - 

•15. One. bulb,, proplpet type 

16. One buret holder, double clamps (reduction column support) * 

17. Two Columns, rednctton (see Figure 1 at. the end of this section) 
& 18. Three cuvettes dHfe**- x 

* 19, Cine 25 ml cylinder Bbuated 

20. One 50 ml cyl 1 nder ."-graduated s 

"21. One .100 ml cylinder, graduated . ^ % 

22t^0ne 500 ml cylinder, graduated 

23. j0ne 1 liter cylinder, graduated 

24. One 50 ml flask, volumetric *w1th stopper (dilution of samole) 

25. Twelve 100 ml flasks, volumetric with stoppers (for standards) 

26. X TOO ml flasks, volumetr1c\*1th stoppers (for samples flask 
per sample) 

27. Twelve 250 ml flasks, Erlenmeyer with stoppers (for standards) 

' '28. X 250 ml flasks, Erlenmeyer with stoppers (for sampTfP* flask per sample) 

29. One 1 liter flask, Erlenmeyer, or a large, empty chemical bottle 

(for Cd washings) ' ^ 

30. Three 1 liter flasks, volumetric with stoppers , 

31. Two 2 liter flasks, volumetric with stoppers , _ 

32. One filter funnel for 0.45 u filter (turbidity r r*nov*l) 
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EFFLUENT MONITORING PROCEDURE: Determination of N1jtrate-N1 trite Nitrogen / 

and of Nitrate Nitrogen, Cadmium Reduction 
Method 




B« Reusable Supplies (Continued) 

33. One funnel, powder - 1 

34. One funnel, large powder wjth large filter paper (for Cd washings) 

35. One 2$Q ml funnel, separatory (oil and grease removal) 

36. One pair glasses, safety 

37. Two Roses, rubber, 3" strip, 4 cm I.D. with screw type clamp 

38. One notebook (recording data) 

39. Two 100 ml vblumetric pipets (construction of reduction columns) 
' 40. One C.5 ml pipet Jt volumetric 

41. One 1 bI pipet, volumetric 1 

42. One 2 ml pipet, volumetric v 4 \ 
43.. One 5 ml pipet,' volumetric 
44* One 10 ml -pipet, volumetfic 

45. One 25 ml pipet, voTumetric 

46. One 50 ml pipet, volumetric 

47. One rod, stirring. (j6 m or 12") 

48. One sieve x 40 mesh 
^49. One sieve, 60 mesh 

50. One spatula (scoopula ) 

51. Two stands, ring (support funnel, and reduction column) * 

52. One support, ring, small (support funnel) 

©FXonsumable Supplies: ^ 

1. Slasswool, wad 

2. Membrane filter, 0.45 u 

3. Notebook (recording data) 

4. Pen or pencil, (recording data,- marking flasks) 

5. Soap 

6. Sponges (for cleaning) 

7. Tissues, soft (wiping cuvettes and electrodes) 

8. Towels, paper * 

9. Twelve weighing boats 

10; 26 g ammonium chloride, NH^Cl 

♦11. 100 ml ammonium hydroxide, NH^OH 

*12. 150 ml buffer solution, STD pH 4 

*13. 600 ml buffer solution, STD pH 7 

*14. 450 ml buffer solution, STD pH 10 

**15. 25 g cadmium granules, 40-60 mesh 

16. 55 ml chloroform, CHClj (Freon or another jjon-polar solvent may be used.) 

17. 20 g copper sulfate, pentahydrate, CuSO^SHgO 

J8. 3.4 g disoditon ethyl enediamine tetraacetate, c io H l4 N 2 Na 2°8 

- 19. 1 g N-(Unapthyl) - ethylenedlamine dlhydrochloride, c i2 H 14 N 2 #2HC1 

*20. 200 ml hydrochloric add, concentrated, HC1 ^ 

21. 100 ml hydrochloric add, dilute (6N), HC1 ^ 

22. 100 ml phosphoric acid, concentrated, H 3 P0 4 

*2i. Potassium dlchromate (cleaning solution), ^Cr^Oj 

24. 7.218 g potassium nitrate, KN0 3 
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EFFLUENT MONITORING PROCEDURE: Determl naPbn fcf N1trate-N1trfte Nitrogen 

- and of Nitrate Nitrogen, Cadmium Reduction 
# * Method^ 6 \ 

C. Consumable Supplies (Continued) 



25. 6.072 g potassium nitrite, KNOg 

26. 240 g sodium hydroxide, pellets, NaOH 
^ 27. 10 a sulfanilamide, PgHgNgOgS 

*28 M Su7Tur1c t ac1d, concentrated, 



(cleaning solution) HgSO^ 

29. 100 g zinc iutfate, heptahydrate, ZnS0 4 «7H 2 0 

30. Labels, packager, 11/2 x 1 1nch( 

31. Paper,. graph 8 1/2 x 11, package 

All reagents "should be reagent. grade. 

f - 

The above amounts do not allow for spillage or mistakes. 

* / ." 



v 




\ 



♦These* amounts will vary 9 

* 

**MCB Reagents ... 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen 

and of Nitrate Nitrogen, Cadmium Reduction 
y • Method 



\ 
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3 cm l,D. 



3.5 mm I.D. 



25 cm 



Cu/Cd 



•18.5 cm 



100 mf 
volumetrig 
pipet 



Cut 



GLASS WOOL PLUG 
CLAMP « 



i 




TYGON TUBING 



-Cut 



Figure V Reduction column 
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EFFLUENT MONITORING PROCEDURE : Determination of N1trate-N1tr1teVN1trogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



E10. 
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OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT I ON/ OPE RATING. GOAL S/ SPEC I F I CAT IONS 



TRAINING 
6UIDE -NOTES 



DETERMINATION OF NITRATE 

A. equipment 
Preparation ^ k 



1. Glassware 



Hash^Jc 



V 2, Balance Inspfctl 



on 



3. Spectrophotometer 
. Inspection 

L 



■•a 



WRITE NITROGEN AND OF NITRATE 



1. Clean all glassware 1n 
suitable detergent. 



1. Clean balance. 

1* Clean spectrophotometer. 

2. Ttim P9wer on by rotating 
the power control 
clockwise. 

3! Select wavelength by 
rotating the wavelength 
control knob either, 
direction until the proper 
wavelength 1s reache d: * 



4. Zero the Instrument by 
bringing the meter needle 

~to "O^on the percent 
transmltt^nce scale. 

5. Use an empty cell and 
adjust the light control 
to 100*. T.- 



NITR06EN, mg/Hter 



la. Distilled water drains without laavlntj any 

droplets on surfaces, 
lb. Use chromerge 1f necessary* 

' r 

la. Free of dust arid dirt. . * 
la. Free of dusOnd dirt. 



of- dust^t 



2a. Pilot lamp on. 
2b. Directions are for Spectronk 20. 



3a) 



540 nm on the wavelength scale. 



4a. Meter needle reads zero. 



I * 

(P. 41) 



5a- To be sure that the 1nstrument"can achieve lOOt T. 



s 
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vEEFLUENT MONITORING PROCEDURF: Deter* 1 nation of Nitrate-Nitrite Nitrogen and of 
. * * Nitrate Nitrogen, Cadmium Reduction Method , . 




OPERATING PROCEDURES 
• B. Reage*t_Ei»eparat1on 
1. Distilled M»ter 



2. Concentrated" 
Ammonium Chloride 
E'DTA Solution 



r 



2L'» 




1. Prep&re approximately terT 
. (10) liters of highly pure 
water. 

1. Weigh- 26 g of ammolHum , 
chloride, NH 4 C1 , in a 

weighing boat and wash 
Into 2.0 liter graduated m 
beaker. 



2. Weight. 4 g of dlsodiun 
ethylenediamlne*' tetra- 
acetate, C 10 H H N 2 Na 2 p 8t 

f~ an^ wash 4nto the same 
beaker. 



3. Add enough distilled water 
to bring the, total volume 
,to approximately 1800 ml. 

4. Use i pH meter to adjust 
the pH of the solution to 
8.5 by^ the dnbpwlse addi- 
tion of concentrated 

vnmoniuM hydroxide, 

HH-OK. 
4 

5. After the pH has been ad- 
justed, transfer the , ' 

.solution to a 2 liter • 
vdlumetrlc flask. 



la. An Ion exchange oolumn in conjunction with a still 
provides SK adequate source of highly pure water. 
1U This^watfernJill bemused for all reagent prepara- 
tion and^washlng of equipment. \ 

pH of the water must be between 5.5-7.5. 



la/ Distilled wafer should be used for al 
stfution preparation Including water 
washing a solid into a container. ^ 



V 



4a. K1* the solution thfcrcfughly by stirring, after 
the addition- of each drop of NH^OJl. 



5a. Whenever a solution Is transferred, the container 
from which the transfer is made should be washed 
and the washings added to the container to which 
the transfer was made. 



i 
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EFFLUENT MONITORING PROCEDURE : 



Determination of N1trate-N1 trite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING -PROCEDURES 



STES^ SEQUENCE 



I-NFORMATJON/OPERAT IftG GOAL S/SPEC IFICATIQNS 



1^ 



TRAINING 
GUIDE NOTES, 



B. Reagent Preparation 
t - (Continued) 



3. Dilute tamonlum 
! Chloride EDTA 
Solution 



4. Color Reagent. 



ERJC , 



6. Dilute to volume with '< 
distilled water. n 

7. Label the bpttlejjj. which 
the solution 1s stored* 

V Measure 300 ml of the 
concentrated amnonlum 
chlorlde-EDTA solution 
Into a one liter graduated 
cylinder. 

2. Add d1st;1lled water tq 
bring the volume to 
500 ml 1n the cylinder. 

3. Swirl to mix \he 
solution. 

4. Store 1n a labeled 
container. * * 



1. Add 800 ml of distilled 
water to a 1 liter fjask. 

2. Add 100 ml of concentrated 
phosphoric add, H^PO^, to 

the same flask. 

3. Mix thoroughly. _ 

4. Weigh 10 g *f sulfanilamide 
(C 6 H g N 2 0 2 S) 1n a weighing 

boat. 



6a. The solution 1s stable for several months. 



7a. Include the name of the selutltin, your name 
the*Jate of preparation/ t 



and 



4a. This dilute ammonium chlorlde-EDTA solution 
stable for several months.- 

la. Use a graduated cylinder. 

lb. Use a 1 liter volumetric flask. 



1s 

\ 



'A -: 



2 1 3- 
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EFFLUENT MONITORING PRGCEDURF: tet^Win, 0 f Nitrate-Nitrite Nitrogen wd of \ 

y Nitrate Nitrogen, Cadmium Reduction Method A ' 



.OPERATING PROCEDURES 


STEP SEQUENCE « 


1 1 > 

I N FORMAT I ON/OPE RAT I NG GOALS/SPEC I F I CAT IONS 


* TRAINING 
GUIDE NOTES 


B. Reagent Preparation 
(Continued) 

< 


5. Use v a wash bottle and 
funnel to wash the 
sulfanilamide Into the 

1 liter flask containing 
phosphoric a^id soiutlon. 

6. Weigh 1 g N-(l^napthyl )- 
ethylenedl amine d1 hydro- 
chloride, Marshall's 
Reagent, and wash Into 

-same flask. 


/ 

* 

• 

t 

- / » 

* 4 


* 


• 


7. Qllute to volume with 
distilled water. 


/ 


1 

i 


/ 

f 

! 


8. Store 1n a labeled 
container. 

i 

r 

t 


8a. Container should be dart 1, liter plastic reagent 

bottle. ^ 
8b'. Store at 4°C when not In use. 
8c v Use. at roow temperature. , 
8di Thfe solution Is.stabi* for 'several months. 
8e. A very faint pink com may show up 1n this 

color reagent. You may still use the reagent. 

If a precipitate forms 1n the reagent, thouqh, 

dlsdard It. • , 


5. Zinc Sulfate 
Solution 


1. Heigh 100 g of zinc sul/ 
fate heDtahvdrate \ 
ZnS0^-7H 2 0, 1n I weighing 

boat. 

t 

2. Wasfi Into a 1 liter flask 
using a wash bottle and a 
funnel*. 


la. This reagent Is, used 1f flocculatlon 1s employed 

as an alternative to filtration if *the sample 
- requires removal of turbidity. 

2a. Use a volumetric flask. ^ 
• < 


t 


214 " , 

r 


3. AddtsuTttdent dlstlljed 
wateY to dissolve all of 
the soldd. 




* 
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EFFLUENT MONITORING PROCEDURF ; Detenn1nat1on of N1trate-N1tr1te Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method, 



OPERATING PROCEDURES 



STE/ SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATJONS 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
(Continued) , 



6. Sodium Hydroxide 
Solution (6N) 



m • - 

f 



7. Ammonium 

Hydroxide 



8. Hydrochloric 
Acid, (6N). 



if'' 



*4. Dilute to volume with 
distil led^ater. 

5, Store 1n a labeled 
container. 

.1. Rapidly weigh <240 g of 
solid sodium hydroxide, 
NaOH, pellets 1n a 1 liter 
graduated beaker. 



2. Add 500 ml distilled . 
*a,tef to dissolve the 
sodium hydroxide. 

3. Dilute "to a total volume 
of 1 liter. 

4. Store 1n a glass bottle or 
jug and stopper with a 
rubber stopper. 

5. Label the container. 



1. 
2. 
1. 



100 ml supply should be 
~ lable. 



Place In a Barnes., 
(dropper) bottle.. 

Add 50 ml of distilled 
water to a 400 ml, beaker. 



/ 21G 



5a. This solution Is stable for at least one year. 



la. This reagent 1s used 1f flocculatlon 1s employed 
as an alternative to flltraVion 1f the sample 
requires removal of turbidity. 

lb. Sodium hydroxide picks up moisture* from the air 
quite readily, • ~ \ » 

2a. The water should .be added with constant swirling 
to avoid' fusing. CAUTION: Heat 1s liberated. 
Place Beaker 1n a pan of cold water. 

3a. The solution should be allowed to cool to room 
temperature befope-fhe dilution 1s made. 

4a<* > Sodium hydroxide slowly etches glass causing 

glass stoppers to stick. - 
4b. The solution 1s stable for at least a year. 



la. Drop quantities may be required 
adjustment. 



fo\pH 



la. A 100 ml graduated cylinder 1s suitable for 
measuring the volume of the distil led.water. - 
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EFFLUENT MONITORING PROCEDURF : Determination of N1trate-N1 trite Nitrogen and of 

Nitrate Nitrogen, Cadmium, Reduction Method 



OPERATING PROCEDURES 



STSEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS. 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
(Continued) 



^ 9- Copper Sulfate 
\ Solution (2%) 



1/ 



10. Nitrate Stock 
* Solution 



ERLC 



2U 



2. Slowly ^50 ml of 
concentrated hydrochloric 
(HC1) add (12 N) to the 
same beaker. 

3. Mix thoroughly* 

4- Store 1n a 100 ml bottle. 
5. Label the container. 

1 . Welgfi 20 g of copper 
sulfate pentahydrate, 
CuS0 4 -5H 2 0, 1n a weighing 

boat. 

2. Wash copper sulfate Into a 
two liter beaker. 



3. Add 500 ml distilled water 
and swirl to dissolve the . 
solid. 

4. Add 500 ml distilled water 
and swirl to mix. 

5. Store 1n a labeled 
container. * ► 

1. Carefully weigh 7.218 g of 
potassium nitrate, KNO^, 

1n weighing boat. 



2a. Measure the acid 1n a 100 ml graduated cylinder. 



3a. Use a graduated cylinder to measure 500 ml 



5a: This solution 1s stable for at least one year] 



la. An analytical balance should be used 
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EFFLUENT MONITORING PROCEDURE : Determination of N1trate-N1 trite Nitrogen and of 

■ * Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
(Continued) 



11 Nitrate Standard 
> Solutlpn j 



?. Transfer the sol til to a 
1 liter volumetypAc flask 
equipped with a powder 
funnel 

3. Use wash bottle to wash 
the solid Into the flask. 



2a. This 1s best achieved by washing the solid ont,o 
the funnel with a wash bottle. 



3a. The weighing boat should be rinsed three times 
and all of .the rinse' water should be added to* 
the flask. ' < 



Add sufflc 
water 
sol 



led 



sufficient distil 
eir to dls^lye the 

id.T 

Dilute tcTVolume with 
distilled water and 
thoroughly mix. 



6. Store 1n a labeled gla^ss ' 
bottle. 

7. Preserve the solution by 
adding 2 ml of chloroform, 

, CHC1 3 . 



1. Carefully plpet 10.0 ml of 
nftrate stock solution 
Into a 1 liter volumetric 
flask. 



2. Dilute to volume with 
distilled water. 



4a. About 50(fml 1* sufficient. 



v 



7a. The solution prepa red , stored and preserved 1a 
this manner should be stable for at least 
6 months. 

7b. The nitrate stock solution contains l.OtfjKj of ' 
nitrate nitrogen (PO^N) 1n each 1.00 ml of 

solution. 

la. This nitrate standard solution should be prepared 

fresh for each use. 
lb. The nitrate stock solution should be at roop 

temperature before using. 
IcJJse a 10 ml volumetric plpet. 



ERIC 
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EFFLUENT MONITORING PROCEDURE : 



Determination of Nttrate-N1 trite Nitrogen and of 
Nitrate Nitrogen, fcdmlum Reduction Method 




12. Nitrite Stock 
Solution 



•0 



ERIC 



C i~ 



1. Weigh 6.072 g of 
potassluu nitrite, 

1n * weighing boat* 

2. Transfer the solid to a 

1 liter volumetric flask 
using a powder funnel. 

3. Use wash bottle to wash 
the solid Into the flask. 

4. Add sufficient distilled 
water to- dissolve the 
solid. 



5. Dilute to volute and mix 

thoroughly. 

6. Store In a labeled glass 
bottle. 

7. Preserve the solution by 

< adding 2 «1 of ch1o**form 
for each 1 liter of solu- 
tion and refrigerate when 
not 1n Use. 



3a. Use within .two hours o? preparation. 
3b. The nitrate standard solution contains 0 01 ng 
. of nitrate nitrogen (N0--N) 1n each 1.0 ml of 
solution. ' J » 

la. An analytical balance should be used for all ' 
weighings Involving standards. 



3a. The weighing boat should be washed three times 
and the washings added to the flask. 

4a. About 500 ml 1s sufficient. 

« • 



7a. 



7b. 



The solution should be stable for at least 
3 months when preserved this way and storeds 
at about 4°C when not 1n use. 
The nitrite stock solution contains 1.00 mg of 
nitrite nitrogen <N0 ? -N) 1h,Mch 1.0 ml of 
solution. c 



/ 
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EFFLUENT MONITORING PROCEDURE : 



E10:A-18 



Determination of N1trate-N1 trite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATION? 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
(Continued) 
• • 

13. Nitrite Standard 
Solution 



1. P1pet 10.0 ml of nitrite 
stock solution Into a 
1 liter volumetric flask, 



2, Dilute to volume with 
distilled water, 

3. Store 1n a labeled 
container. 



C. Reduction Column 
Preparation 

1. Preparation of the 
Glass Column 



J. Construct a glass column 
by joining a 10 cm length 
of 3 cm ID glass tubing 
with a 25 cm length of 
3.5 ran ID tubing using 
, figure 1 as a guide. 

2. Loosely' plug the delivery 
tip 6f the column with 
glass wool. 



ERIC 
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1a„ This nitrite standard solution should be prepared 

fresh for each use. 
lb. The nitrite stock solution should be at room 

temperature before using. 
1c. Use a 10 ml volumetric plpet. • x 



3a. Use within twojlours of preparation. 

3b, The nltrtte standard solutlon^contalns 0.01 mg of 

nitrite nitrogen (NO ? -N) 1n each 1.0 m\ of 

solution. J 



la. 
lb. 



lc. 



) 



Figure 1 1s at the end of the Equipment, and 
Supply Requirements Section. 
The column shown 1n Figure 1 was constructed by 
cutting both ends off a 100 ml volumetric plpet 
as Indicated. 

F1re polish all cut surfaces. . x * 



2a. The plug roust be firm enough to bold the cadmium 
granules 1n the column, but not so firmly packed 
as to slow down the later flow of solutions 
through the column. 




1 
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EFFLUENT H0NITOR1K6 PROCEDURE Determination of N1trate-N1 trite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



0PERATIN6 PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/ t SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Reduction Column 
Preparation 
(Continued) 

2. Preparation of 
v Copperlzed 
Cadmium for 
Packing the 
61 ass Column 



L 



1. Welgji about 2 5 g of 

cadmium granules 1n a 
, weighing boat. 



2. Transfer the cadmtom to a 
400 ml beaker. 



3; Add enough dilute (6N) 
hyditftMorlc add ta 
covelMie granules. 



22o 



4. Swirl the contents of the 
beaker. 

5. Pour off the add while 
retaining the granules 
1n the beaker. The 
cadmium should be silver. 



6. Add enough distilled water 
to cover the granules. 



r 

^ .- 

la. This will be enough for one column. 

lb. Granulated ca&nlum (40-60 mesh) can be purchased. 

lc. Alternatively, file stltks of pure cactalum metal 
Jreagent'grade) with a coarse metal hand file 
(about second cut) and collect the fraction which 
passes a sieve with 10 mesh openings and 1s re- 
gained on sieves with 40, then 60 mesh openings. 

Id. Handling cadmium 1s hazardous ; thus filing should VIII. C. 2. Id 
be conducted under a hood using rubber gloves ancL .(p. 46 ) 
mask. 

2a. A scupula and 'wash bottle with water 1s good for 
this. ~ 



5a. All decanting should *e done Into a container 
equipped with a large funnel and filter paper 
so as to catch all the small cadmium particles. 

5b. Use this filter paper for any subsequent cadmium 
washings. 



227 
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EFFLUENT MONITORING PROCEDURE : Determination of N1trate-N1 trite Nfhpgen and of 

Nitrate Nitrogen, Cadmldto Reduction Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT ION/OPERAT I NG GOALS/SPECIFICATIOWS 



I 

TRAINING 
GUIDE NOTES* . 



C. Reduction Column 
Preparation 
(Continued) 



7. Pour off the water while 
retaining the granules ,1n 
the beaker, 

. j 

8. Repea't steps 6 and 7, 

. above, two more times so 
.that the granules receive 
a total of three dis- 
tilled water washings. 

9. Add lOOmVof the 2% 
copper sulfate solution to 
the granules and swirl for 
five minutes or until the 

i blue color of the copper 
sulfate fades, 
* 

10. Carefully decant off the 
solution leaving the 
copper 1 zed cadmlun 
granules 1n beaker, 

11. Repeat steps 9 and 10 
until a brown colloidal * 
(very fine) precipitate 
of metallic copper does 

, form, 

12. Wash the copper-cadmium 
at least 10 times with 
distilled water. 

13. Place the washed copper- 
cadmium on the 60 mesh 



9a. 



A brown colloidal (very fine) precipitate of 
metallic copper should form. 



10a. 
10b. 

11a. 



12a. 



Also decant off through the filter paper any 

precipitate that formed. 

The cadmium should have a' black color. 



If a brOwn colloldaJ precipitate 1s formed 1n 
step 9, and the cadmium 1s black, do not repeat 
steps 9 and 10, - 



All of the brown precipitated copper should be 
removed by washing 10 times but continue to 
wash 1f iny remains. ^ 



sieve. 
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EFFLUENT MONITORING PROCEDuiEVpetenn1nat16ti"of N1trate-N1tr1*e Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



OP ERATING PROCEDURES ' 

Reduction Column 
Preparation 
("Continued) 




23u 
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STEP SEQUENCE 

14. P%lr water over the 
granules at least three 
times so that all the 

1 small particles will 
wash through the 60 mesh 
screen. 

15. Return meshed granules to 
the beaker. 

16. Decant off excess water 
used to transfer the 
cadmium. 

17. Close the clamp on Jhe 
column delivery tube. 

18. Fill the column with liq- 
uid, using about 60 ml 
DJLUTE ammonium chloride- 
EDTA solution. . 

19. Loosely fm the reduction 
column wltftcopper cadmium 
granules to a level about 

2 cm below the broad, 
cup-lfke section as shown 
1n Flgure^l page 9. 



r 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 

14a. Hold the sleye over the filter paper durlnq - 
these washings, J" 



,15a. Use a scupula and-tne wash bottle. 



18a.- Use a graduated cylinder and very slowly, pour the 
solution down the Inside wall of this column so 
air pockets do not -form. ^ 
a , \ 

19a. Avoid tight packing <?granujes by allowing the* 
granules to "float"* down through the solution 
of*am»n1um chlorlde-EDTA. — 
19b. A stirring rod may be'-used to transfer the 

cad^P^to the column. / 



/ 



TRAINING 
GUIDE NOTES 



-4 
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E10.A-21 



/ ' * , E10.A-22 

EFFLUENT MONITORING PROCEDURE ; Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen, Cadmium Redaction Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Reduction Column 
Preparation 
(Continued) 



20. 



Open the screw clamp and 
measure the flow rate of 
ammonium chlorlde-EDTA , 
solution through the 
column. The flow rate 
must be between 7 ml and 
10 ml /minute before you go 
to the next step* Keep a 
record 1f you add more di- 
lute ammonium chlorlde- 
EDTA, solution- 



20a. To calculate the ftow rate, place a 50 or 100 ml 
graduated cylinder under column and measure the 
amount of fluid collected 1n one minute 

20b. The flow rate should be between 7 ml and 10 ml/ 
minute. DO NOT let the column go dry. 

20c. If the flow rate 1s too fast, tighten the screw 
clamp. If the clamp must be so tight that contro 
is lost, add more copper-cadmium granules to the 
column/ 

20d. If the flow rateJs too slow, decrease the length 
of the copper-cadmium column until a flow rate of 
7-10 ml /minute 1s achieved. 



21. 



Rinse the column with up 
140 ml dilute amnonlum 
chlorlde-EDTA splutlon, 
draining until the solution 
1s about \£. 5 cm above the 
top of tbe^gcanules Then 
clqse the screw clamp. 



td21a. There 1s to be a 200 ml rinse with this solution. 
You used about 60 ml 1n Step 18 and nay have 
added more 1n Stek 20. Now add the balance ' 
to total 200 ml . ) 
21b. It 1s convenient tt> add a second clamp ti> shut 
off the flow so the flow-regulafcjng clamp can re- 
main undisturbed. 
21c. When the column is riot 1n use, the granules . 
should be covered wltti- solution so they do not 
dry out. — ^ 



Removal of 
Interferences 

1 . Turbidity Removal 
(If necessary) m 4 



VI. D 
(P. 42) 



1. Prior to analysis, remove 
turbidity from samples by 
.filtering through a 0.45 y 
membrane filter. 



la. If the turbidity 1s- not removed by filtration, 
proceed as follows: Add 1 ml of the zinc sulfate 
solution to 100 ml of sample. Add enough 6 N 
sodium hydroxide tojrlng the pH to 10.5 (about 
8 to 10 drops 1s usually sufficient). Let* the 
treated sample stand for 15 minutes. Filter 
through a 0.45 y membrane filter. 

lb. Suspended solids can clog the reduction column. 



ERLC 
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EFFLUENT MONITORING PROCEDURE : - rw a .— ,.^ __ nf Hi .. u ^ 

. STt!l?2 S51 of "«™*«-IMtr1tt Nitrogen and <*f 

— Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 

D. Removal ff 
Interferences 
(Continued) 

2. 011 and Grease 
Removal (If 
Necessary) 



STEP SEQUENCE 



2. 



Prior to analysis, 
measure 100 ml of the 
sample (filtered sample 
1f the original sample 
wa.s turbid) fhto a 400 ml 
beaker. 

By dfopwlse addition, add 
sufficient concentrated - 
hydrochloric add (12 N) 
to bring the pH down to ». 



3. Place the sample 1n a 
250 ml separatory funnel 

4. Add 25 ml of chloroform. 

5. Shake gently, to extract 
the oils and grease Into 
the chloroform layer. 



Allow the separatory 
funnel to stand until all 
qf the chloroform layer 
settles to the bottom. . 

Open the stopcock and 
allow the bottom (chloro- 
form) layer .to pass' Into 
a 400 ml beaker. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



/ 



Ut 011 and grease cah^log the reduction col 
and coat the Cu/Cd 'granules. 



umn 



2a. Use a pH meter 1n adjusting the pN to 2, 

^b. Standardize using standard buffer of pH ? 4.00^ 



4a. 1 Freon or another 'non-polar' solvent may be used. 

5a. Carefully release the pressure after shaking 
•gently so that no sample 1s lost. This can be 
accomplished by Inverting the separatory funnel 
and slowly opening the stopcock away from face, 
and other people. * 

6a. Place funnel 1n ring stand. 
6b. -Remove stopper while layer 1s settling! 



7a. Grease and oils are extracted Into chloroform 

v i22 r # leav1n ? a grease-oil free sample which 1s 
used for analysis. - 



TRAINING 
GUIDE NOTES 



/ 
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E10.A-23 . 
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EFFLUENT MONITORING PRQCtPURE: Determination of N1trate-N1tr1te Nitrogen and of 

• Nitrate Nitrogen, Cadmium Reduction Method 



E10.A-24 




0. Removal of 

Interferences 
(Continued) 



E. Preparation of 
Nitrate Working 
Standards 

1. Nitrate Working 
Standards - 



8. v Repeat steps 4, 5, 6, and 
7 with 25 nl of fresh 
chloroform. 



1. Prepare nitrate working 
standards by respectively 
pipetting the following 
volumes of nitrate . 
standard solution Into 
each of sjx 100 nl 
volumetric flasks. 



To Flask 
No. 



1 
2 
3 
4 
5 
6 



Add, This 
Volume of 
Nitrate 
Standard 
Solution 

0.0 ml 
0.5 ml 
1.0 ml 
2.0 ml 
5.0 ml 
10.0 ml 



For This 
Concentra- 
tion of 
NO3-N 1n 
fflZJ 

0.00 
0.05 
0.10 
0.20 
0.5O 
1.00 



2. Dllute each of the flasks 
to volume with distilled 
water. i 

3. Stopper and m^x thoroughly 
•by r Inversion. 
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8a. The second chloroform extract 1s added to the 
same beaker as the first extract. 



■1. iJ)*i, 



la. Label flasks. 

lb. Use appropriate volumetric plpets (0.5 ml 

2.0 ml. 5.0 ml, 10.0 ml), 
lc. The 0.00 solution which contains no nftrate (or 

n trite) seyes as the reagent blank for the 

nitrate samples and, standards which are passed 

through the reduction column. 



/ 
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Ef FLUENT HOfil TORlNG PROCEDURE : Determination of N1trate-N1 trite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 


step sequence 

^ JILT JL^ULnVL 


| > — 

•I NPODIIAT T nW /HOC DAT T UP roll c / cncncir ATiftur 

inrUKJv\i lUri/UKtKAl INb GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


E. Preparation of 

Nitrate Worklno^^ 
Standards (^erixTnued) 


Use the working standards 
Immediately after their 
preparation-. l 

+ — 






F. Reduction of Nitrate 
to NUHte 

1. Adjustment of pH 

* 

2. Activation of 
~ Colum 


1. Use a pH meter to adjust 
the pH of each of the 
working standards to 
between 5 and 9 either 
with concentrated hydro- 
chloric add or with + 
concentrated ammonium 
hydroxide. 

1. t>1pet 25.0 ml of working 
standard #6 to a small * 
Erlenmeyer flask. 

2. Add 75 ml of the CON- 
CENTRATED amnonlum chlo- 
Mde-EDTA solution to 
the same flask. 

Mix the working standard 
thoroughly by swirling ' 
the contents of the flask. 

i 

4. Place a 250 ml beaker 
under the reduction 
column. 


<* 

r 

la. Use a beaker small enoygh for this volume of 
standard to cover the pH electrode(s). 

lb. Hake sure that'the-fH meter 1s' calibrated within 
this range, 

lc. Use buffer solutions pH 4, pH 7, pH 10 to 

calibrate and check the meter. , 
Id. This pH adjustment 1s necessary to Insure that 

the pH 1s approximately 8.5 1 

(No pH adjustment 1s necessary If the pH Is 

already betweeh 5 and 9.) 

la. Activation of column 1s necessary to prepare 
* surfaces of Cu-Cd granules for reduction process, 
lb. This standard ls.1.00 mg NO.-N/llter 
y concentration. J 
lc. A 250 ml flask 1srgoo<f f&r this purpose.* k v 

2a, A 100 ml graduated cylinder 1s good for this 
purpose. 


( • . 

2 3 'j 
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EFFLUENT MONITORING PROCEDURF: 



Determination of N1trate-N1tr1te Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



F. Reduction of Nitrate 
to Nitrite 
(Continued) - 



9 
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5. Check that the level of 
ammontun chlorlde-EDTA 
solution in the column 1s 
near* to the JLop of ^the 
granules. 

6. *Vour the prepared nitrate 
working standard Into the 
reduction column. 

7. Using the screw clamp 
(see Figure 1) adjust the 
collection rate to 

7-10 ml per mlnutd. 



8. Collect the reduced 
working standard until 
the level of JflTutlon 1s 

' one cm above the top of 
the granules. 

9. Close the screw clamp to 
stop the flow. 



10. Discard the entire re- 
duced working standard. 

11- Measure about 4o\ml of 
DILUTE airmorflum chloride- 
_ ,EPTA solution. 

12. Pour the 40 ml 1nti& the 
column* 

/ 



5a. If the level 1s too high, dralnthe excess Into 
the beaker. # «« 



6a. ^1nce the column will not hold the total amount, 
add the solution 1n portions. * * 



7a. The clamp should be slowly opened until a 
collection rate of 7-10 ml per minute 1s 
achieved. 

7b. A collection rate of 7-10 ml of solution per 
minute should be carefully maintained throughout 
the collection process to assure complete re- 
ductlofuof nitrate 1n the sample. < 



J 



10a. i The column 1s now activated. 



/ 
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EFFLUENT MONITORING PROCEDURE : 



OPERATING PROCEDURES 



Reduction of Nitrate 
to NUHte 
(Continued) 



\ 



3. Reduction of 
Working Standards 



Detertn1n«/on of N'itrate-N1tr1te Nitrogen and of 
Nitrate NTtrogen, Cadmium Reduction Method 



STEP SEQUENCE 



13. Collect the solution untt 
the level of the solution 
1s one cm above the top of 
the granules. Then close 
the screw clamp to stop 
the flow. 



14. The column should be ready 
to use. 

1. Pipet 25.0 ml of the lowest 
concentration of nitrate, 
working's tandard Into a 
small Erlenmeyer flask. 

2. Add 75 ml of the CONCEN- 
TRATED ammonium chlorlde- 
EDTA solution to the same 
flask. 

3. Mix nitrate working stand- 
ard thoroughly by swirling 
the contents of the flask. 

4. Place a short graduated 
cylinder under the reduc- 
tion column. 

5. pour the prepared nitrate 
working standard into the 
reduction column. * 

6. Using the screw clamp (see 
Figure 1) adjust the col- 
lection rate to 7-10 ml 
per minute. 



ERLC 
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13a. 



You can check for "carry over" by collecting 
about 5 to 10 ml of the final effluent in. a 
clean receiver and adding a few drops of the ' 
nitrite color reagent to verify that no color 
develops after 10 minutes. (A very faint pink 
color is negligible). Repeat steps 11 through 
13 1f significant color develops in this check 
procedure. 



la. A 250 ml flask 1s good for this purpose. 

lb. Label the flask. - 

lc. Begin with the 0.00 mg/Hter solution. 

< 

2a. Use a 100 ml graduated cylinder. 



4a. 



You need to measure 25 ml of solution 1n the 
graduate. 



5a. Since the coluntn will not hril 
*dd the solution 1n portions. 




otal amount, 



6b 



6a. The clamp should be slowly opened until a collec- 
tion rate of 7-rlO ml per minute 1s achieved. 
A collection rate of 7-10 ml of solution per min- 
ute should be carefully maintained throughout the 
collection process to assure complete reduction of 
the nitrate 1n the nitrate wo rking standard. 



TRAINING 
jUIDE notes 
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1FFLUENT, MONITORING 



.PROCEDURE : Determination of Nitrate-Nitrite Nitrogen 
Nitrate Nitrogen, Cadmium Reduction Meth 



n andfSf » 

I0(K 



E10.A-28 



OPERAtlNG PROCEDURES 



F— Reduction of Nitrate 
to Nitrite 
(ContlnueS) 



Color Development of 
. Reduced Nitrate 
Working Standards 



STEP SEQUENCE 



7. Discard the first 25 ml 
of solution which 1s 

< . collected. 

8. Replace the graduate with 
the,r1nsed,a1r-dr1ed 
flask used for this 
standard. 

9. Collect the. remaining 
Rrtlon of the reduced 
standard in the original 
flask, . 

10. Analyze the reduce^ 
standard IMMEDIATELY 
after collection from ' 
the reduction column/ 

. / . 

11. -Bepeafa^teps 1 through 10 
•for each of thef prepared 
-working nitrate standards. 



Use a 50.0 ml plpet to 
remove, a 50.0 ml aliquot 
. from fla^k #1 (0.00 mg/ 
liter N0 3 -N). - 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



7a. This discard, portion serves to "was.h' off " 
solution remaining In tfie column fsom any 
previous pass-through. 



8a. 



The solution originally 1n the flasl^should now 
be 1n the column so you can thoroughly rinse 1t. 
A different flask may also be used. 



9a^ Close the fcrew clamp when the level of solution 

v\% about one cm above the granules. 5 % 
9b. About 70 ml should be 1n the flask. 

10a. While one solutionis passing through the column 
you* should proceed t&color development of the 
previous solution that has already been reduced." 

f? 1 2 r »^? lopment (Action GLjtJST BEGIN WITHIN 
15 MINUTES >after reduction. %^ 

11a/ Proceed from the leawtxoncentrated to the most 

concentrated standard..}* 
lib. Label each receiver fl 



la. By using a pfoplpet thdPSllquot can remain 1n 
the plpet duHng the next* two steps. 

lb. AHquots ofplach of the working standards should' 
have been, passed through the reduction column as 
described 1n the. previous section {Section F). 

lc. The reduced working standards should be analyzed - 
as soon as\^oss1ble aft^r the reduction- and Id, 
no casa^houTd they be allowed to stand for more 
than 15 minutes after reduction before color 
development 1s begun. 



ERIC 



TRAINING / 
GUIDE NOTES 
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. EFFLUENT MONITORING PROCEDURE 



OPERATING PROCEDURES 

6. Color Development of 
Reduced Nitrate 
Working Standards 
(Continued) 



H. Analysis of Samples 
for Nitrate Reduced\ 
to Nitrite 

1. Dilution of 
Samples (1f 
necessary) 



i. Determination of N1trate-N1tr1te Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



> / 



3. 
4. 



STEP SEQUENCE 

Discard the remainder of 
the nitrate reduced . 
working standard. 

.Shake flask dry. 

Add the 50.0 ml working 
standard back to same 
flask from which 1t was 
removed . 

Add 2.0 ml of the color 
reagent to the 50.0 ml 
of working standard. 

* 

Mix thoroughly by 
swirling. ✓ 

Allow the working standard 
to stand until color 
develops. 



Repeat steps 1 through 7 
for each of the reduced 
working standards. 



P1pet 25. a ml of unknown 
sample into 50 ml volu- 
metric flask. 



I NFORMAT I Old/OPE RAT I NG GOALS/SPECIFICATIONS 



3a. Do not rinse the flask. 

4a. If you find the technique 1n steps 1-4 too 
difficult, transfer the 50.0 ml to a different 
flask. 



5a. Use a 2.0 ml volumetric' pipet. 



7a. The.reduced\orMng standard? should be allowed 
to stand for Wjeasl^W-nrfnutes but NOT MORE * 
THAN TWO HOURS before doing Procedure L, 
Spectrophotometrk Measurements. \ 

8a. Start with least concentrated solution and 

proceed to most concentrated. 
8b. Rinse the 50.0 ml pipet thoroughly after each* 

standard. , 



la. Potable water samples will usually require no 
dilution, while sewage samples may require 
dilution. 
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TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURE • Determination of «1 trate-NI trite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method ' 



E10.A-30 




Analysis of SaropTes 
for Nitrate Reduced 
to Nitrite 
(Continued) 

2. Adjustment of pH 



3. Reduction of 

Nitrate to Nitrite 
In Samples 



4. Color Development 
1n Samples 



iN&eparatlon of 
Nitrite Working 
Standards 

1. Nitrite Working 
Standards 



2. 



9 
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Dilute to volume wit 
distilled water. % 



th 



Y. Use a pH meter to adjust 
the pH of each sample to 
between 5 and 9 either 
with concentrated hy- 
drochloric add or«w1th 
concentrated ammonium 
hydroxide. 



1. AllquoU of each of the 
samplesNshouJd be passed 
through the reduction 
. column as de^rlbed 1n 
Procedure F.3, "Reduction 
of Working Standards." 

1. Follow the steps 1n 
Procedure 6, "Color 
Development.". 



1. Prepare nitrite working 
standards by respectively 
pipetting the following 
volumes of n4tr1te stand- 
ard solution 'Into each of 
six 100 ml volumetric 
flasks. 



2a. If yeu need to dilute a sample, you must apply a 
dllutlork factor to the concentration found from 
a standard curve. 



la. 



lb. 
lc. 



Put the 50 ml of sample 1n a smatl beaker so 
the pH electrode(s) 1s covered with solution. 
Make sure that pH meter 1s calibrated within 
this range. 

Use buffer solutions pH 4, pH 7, pH 10 to cali- 
brate and check the meter. 

v IJ 1S S" ad l ustment 1s necessary to Insure that 
. the pH 1s approximately 8.5 

(No pH adjustment 1s necessary the pH 1* 
—already between 5 and 9.) 



0 



la. 
lb. 

lc. 



1.0 ml, 



Label flasks. 

Use appropriate volumetric plpets (0.5 i 
2.0 ml, 5.0 ml, 10.0. ml). 
The 0.00 solution which contains no nitrite (or 
nitrate) serves, as the reagent blank for the 
nitrite standards and samples that are not passed 
through the column.- — 



VIhH.1.2a 
(p. 44 ) 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen,' Cadmium Reduction Method 



OPERATING PROCEDUR ES 

'I. Preparation of 
Nitrite Working 
Standards ■ 
(Continued) 



2. Adjustment of pH 



STEP SEQUENCE 



ERIC * 



ro Flask 
No. 



Add This 
Volume of 
Nitrite 
Standard 
SoVutlon 


For* This 
Concentra- 
tion of 
NO2-N 1n 
■9/1 


0.0 ml 


0.00 


0.5 ml 


0.05 m 


1.0 ml 


O.TD"* 


^2.0 ml 


0.20 


5.0 ml ' 


0.50 


10.0 ml 


1.00 



-1 

2 
3 
4 
5 
6 



2. Dilute each of the flasks 
to volume with distilled 
water. 

3. Use the working standards 
Immediately after their 
preparation. 

1. Use a pH meter to adjust 
the pH of each of the 
working standards to 
between 5 and 9 either 
with concentrated hydro- 
chloric add or with 
concentrated ammonium 
hydroxide. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. 



lb. 
lc. 



Use a beaker small enough for this volume of 
s c tandard to cover the pH electrode(s) . 
Make sure that pH meter 1s calibrated within this 
range. 

Use buffer solutions pH 4, pH 7, p# ,10 to 
calibrate and check the meter. » 
JJ1s PH adjustment 1s necessary to Insure that 
the pH 1s approximately 8.5 
(No pH adjustment 1s necessary 1f the pH 1s 
already between 5 and 9.) 



TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURE: 



EJO.A-32 



Determlnatfon'of N1trate-N1 trite Nitrogen and of 
Nitrate Nitrogen* Cadmium Reduction. Method 



0PERATIN6 PROCEDURES 



S STEP SEQUENCE 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



J. Color Development of 
Nitrite Horklng 
Standards 




1. P1pet 25.0 ml of each of 
the nitrite working 
standards'- into each of 
six clean 250 ml 
Erjenmeyer flasks. 

2. Add 75 ml of CONCENTRATED 
ammonium chlorlde-EDTA 

. solution to each of the' 
nitrite working standards 

3; Mix each thoroughly by 
swirling each flask. 

4. Use a 50.0 ml plpet to 
remove a 50.0 ml aliquot 
from flask II (0.00 mg/ 
liter N0 2 -N). 

5. Discard the remainder of 
the standard from the 
flask. - 

6. Shake the flask dry. 

7. Add the 50.0 ml nitrite 
working standard back to 
the same flask from which 
1t was»removed. 

8. Add 2.0 ml of the color 
reagent to each rrl trite 
working standard. 

9. Mix thoroughly by 
swirling. 



la. ttse a 25.0ml volumetric plpet. 
lb.j Label each flask. 4 - 

lc. The nitrite working standards are not passed 
through the reduction column. 



2a. Use a 100 ml graduated cylinder. 



4a. By using a proplpet tke aliquot can remain 1n the 
plpet during the nex/ two .steps^ 



6a. Do not rinse the fjask. 



7a. If you find the techniques 1n steps 4-7 too 
difficult, transfer the 50.0 ml to a different 
flask. 



8a. Use a 2.0 ml volumetric) plpet. 
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EFFLUENT MONITORING PROCEDURE: 



Determination of N1trate-N1 trite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method - 



OP ERATING PROCEDURES 

Color Development of 
Nitrite Working 
Standards (Continued 



K. Analysis of 
Non-reduced 
Samples for 
Nitrite 

\. Dilution of 
Samples (if 
necessary> 



2. Adjustment of pH 



3. Color Development 



STtP-SEQUENCE 

10, Allow the working stand 
ards to stand untIK color 
develops, 

11. Repeat steps 4 through 10 
for each of the nitrite 
standards. 
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1. P1o6t 25.0 ml of unknown 
/Sample Into 50 ml volu- 
metric flask. 

2. Dilute to volume with 
distilled water. 

1. Use a pH meter to adjust 
the pH of each sample to 
between 5 and 9 either " 
with concentrated hydro- 
chloric add or with 
concentrated ammonlimi 
hydroxide. 



1. Plpet 25.0 ml of sample 
Into a clean 250 ml 
Erlenmeyer flask. 



I NFORMAT I ON/OPE RAT I N6 GOAL S/ SPEC I F I CAT I ONS 

10a. At least }0 minutes but NO MORE THAN 2 HOURS 
should be allowed before doing Procedure L, 
. Spectrophotometrlc Measurements. 

11a. Proceed from the least concentrated to the most 
concentrated standard. > 

lib. Rinse the 50.0 ml plpet thoroughly after each 
standard. 



/ 



la. NOTE: Potable water samples will usually 
require no dilution, while sewage samples 
may require dilution; 

* 3 ' d«Zf!n! e J d I 0 d P Ute a sa "Ple,-yoPmust apply, a 
dilution factor to get a final answer. 



la. 
lb. 
lc. 
Id. 



Put the 50 ml of sample 1n a small. beaker so the 
pH electrode(s),1s covered, with solution. . k 
Make sure that pH meter 1s calibrated within 
this range. 

Use buffer solutions pH 4, pH 7, pH 10 to' ' 
calibrate and check the meter.' 
This pH adjustment 1s necessary to Insure^ that 
the pH Is approximately 8.5. (No pH adjustment 
Is necessary/if the pH is already between 5 and 9) 



la. Use a 25.0 ml volumetric plpet. J 
lb. Label the flask: 

lc. The sample 1s not passed through the reduction 
column. 



TRAINING 
GUIDE NOTES 
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VII.K.1.2a 
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K. Analysis of 
Non -reduced 
Samples for 
Nitrite (Continued) 



ERIC 



STEP SEQUENCE 

2. Add 75 ml of the, con- 
centrated ammonium 
chlorlde-EDTA solution to 
the same flask 

3. Mix the sample thoroughly 
by swirling. 

4. Use a 50.0 ml plpet to 
remove a 50.0 ml aliquot 
from flask. 

5. Discard the remainder of 
the solution from the 
flask. 

6. Shake flask dry. 

7. Add the 50.0 ml of sample 
back to same flask from 
which It was removed. 

8. Add 2.0 ml of the color 
reagent to the same flask 

9. Mix the sample thoroughly 
by swirling. 

10, Allow the sample to stand 
until color develops. 

11. Repeat steps 1 through 
10 for each sample. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. Use a 100 ml graduated cylinder. 

A 



4a. By-using a proplpet the aliquot can remain In 
the plpet during the next two steps. 



6a. Do not rinse the flask. 



8a. Use a 2.0 ml volumetric plpet 



7 s * 



10a. At leasts-minutes but NO MORE THAN 2 HOURS 
should bellowed before dolnji Procedure L, 
Spectrophotometry Measurements. 

11a. R1ns£ the 50.0 ml plpet thoroughly after each 
sample. 
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EFFLUENT MONITORING PROCEDURE: 



Determination of N1trate-N1 trite Nitrogen an/ of 
Nitrate Nitrogen, Cadmium Reduction Method 




Operating procedures 



L. Spect photometric 
Measurements 

, 1. Adjusting thft^ 
Instrument 



Reduced Nitrate 
Standards and 
Sample(s) 



3. Non-reduced, 
Nitrite Stand- 

• ards and 
Sample(s) 



STEP SEQUENCE 



T 



1. Consult the manufacturer's 
1nstruct1cms for call- 

- 'bratlng your particular 
instrument* 

2. Adjust the wavelength to 
540 nm. 



Check to make sure that 
the Instrument reads 
Infinite absoriance wlljh 
no sample cell In the 
Instrument. 



1. Use the reduced nitrate 
* reagent blank to adjust 
Wthe Instrument to zero 
absorbance. 



2. 



Measure and record the 
absorbance of eacb re- 
duced nitrate working 
standard- 



3. 



and 



Measure and record the 
absorbance for each 
reduced sample. s 

Use the' nitrite reagent 
blank (non-reduced) to 
ac^uslltbe .instrument to 
zero absorbance. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. Instrument must^be warmed up for at least 
% 10 minutes. 

lb. There 1s an EMP on "Use of a Spectrophotometer. 1 



3a; If it does not read Infinite absorbance with no 
samptf cell 1n 1t, adjust the Instrument so that 
1t does read Infinite absorbance (see manu- 
facturer's Instructions). 

3b. Use calibration knob to calibrate infitrte 
absorbance. ^ 

la. Use 0.00 nitrate working standard reagent blank 
which has been passed through the column. ^ 

lb. Adjust to zero absorbance using the calibration 
knob. 

2a! Use the nitrate working standards which have . 

. been passed throi^h the column. 
2b. Use data , sheet provided. 



3a. Use data sheet pfovided. 



la. Use 0.00 nitrite working standard reagent blank, 
lb. Adjust to zero absorbance using the calibration 
koob. . ' 




IX. L. 2. 2b 
(p. 47) 
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EFFLUENT MONITORING PROCEDURE: 



Determination of N1trate-N1 trite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method - 



OPERATING PRQCEBURES 


STEP SEQUENCE 


INF0RMATI0N/0PERATING.G0AL5/SPECIFICATI0NS 


TRAINING 
GUIDE NOTES 


L. Spectrophotometry 
Measurements 
(Continued) 


2. Measure and record the 
absqpbance of each non- 
reduced nitrite working 
standard. 

3. Measure and record the 
absorbance for each non- 
reduced sample. 


2a. Use data sheet provided. 
3a. Use data sheet provided. 


(p. 47) 

c 


M. Preparation of 
Calibration Curve 

t 

* 


1. Obtain an 8 1/Fic 11 Inch 
piece of graph paper. 

2. Label the longer side as 
the concentration axis. 

3. Label the shorter side 
asthe absorbance axis. 

4. Use the absorbance value 

i and Its corresponding ni- 
trjte concentration for 
each of the nitrate working 
standards to nfrke a plot of 
absorbance versus 
concentration. 

5. On another piece of graph 
paper follow steps 1, 2, 3, 
and 4 using absorbance val- 
ues and the corresponding 
nitrite concentrations for 
each of the nitrite working 
standards. 


* 

2a. See Training Guide for an example of labeling 
the axis on a calibration curve. 

1 

4a. Use, the absorbances and concentrations recorded 
,on the data sheet 1n Column B, "Total N0 2 +N0 3 -N. M 

4b. This will be the standard curve foj^ reduced 
sample?. 

5a., Use the absQrbances and concentrations recorded 
on the data sheetiri Column D> *N0,,-N. M J 
^^^■^ ^ I 

5b. This will be the standard curve for non-reduced 
samples. 

* 

* 

■ • : '- MM 


VII. M. 2a 
(p. 45) 

IX 

(p. 48) 

4 

IX 

(p. 48) 
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EFFLUENT MONITORING PROCEDURE: 



tteteruil nation of N1trate-N1 trite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING -PROCEDURE S 

N. Checking Column 
Efficiency 



ERIC 



Z\\2 



STEP SEQUENCE 

Divide the absorbance 
value for the 1 .00 mg/ 
liter NITRATE (N0 3 ) 

working standard by the 
absorbance for the 1.00 
mg/11ter NITRITE (N0 2 ) 

worklngstandard to 
obtafnthe column 
efficiency as follows: 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. The abbreviation, abs 1s used to stand for 
absorbance. 



abs of 1.00 mg/l1ter NO, std w lnn _ « ... . 

— 3 x 100 » % efficiency 

abs of l.Ou mg/nter N0 2 std 



2. Divide 'the absorbance 
values for each of the 
other NITRATE (N0 3 ) 

working standards by the 
absorbance value for the 
corresponding NITRITE 
(N0 2 ) working standard to 

- obtain a column efficiency 
value In each case as was 
done 1n the previous step. 

3. Calculate the average 
value for the column 
efficiency. 



2a. At least one reduced nitrate standard should be 
compared to a nitrite standard of the same con- ' 
centratlon to check column efficiency, calculated 
. as glvenTn Step 1. If series of the standards 
are run, you can calculate the average column 
efficiency using this Step 2 and then Step 3. 



3a. The average value for the column efficiency 
should be between 96% and 104X> If the average 
% efficiency does not fall 1n this range, 
another cadmium reduction column should be 
prepared and tested until the average column 
efficiency does fall 1n this raqge. 

3b. For regeneration of a column, see Training 
Guide. 



TRAINING 
GUIDE NOTES 



VII. N. 3b 
(p. 43) 



263 



E10.A-37 



— E10.A-38 
EFFLUENT MONIT ORING PROCEDURE: Determination of N1trate-N1tr1te Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATlT)NS 


TRAINING , 
GUIDE NOTES ( 


0. Determination of 
•g/Hter Nitrite 
Nitrogen Plus Nitrate 
Nitrogen 1n a Sample 


1 . Use the absorbance for 
the reduced sample and 
the standard curve for 
reduced samples ("Total 
NOg+NOj-N") to obtain 

the mg/Hter of n1tr1te-N 
plus n1trate-N 1n the 
sample and record 1t 1n 
Column*(A) on the data 
sheet pr6v1ded. 


la. If the sample was not diluted (25 ml of sample 
1s used), the mg/Hter result 1s read directly 
from the nitrate standard curve. , 

lb\ If the concentration of nitrate In the sample 
j 1s too high for analysis, the sample must be 
diluted. The procedure 1s desfcrlbed 1n H.l and 
Involves diluting the sample to a 50 ml volune. 
In this case, the mg/Hter result from the nitrate 
standard curve must be multiplied by a dilution 
factor which would be: 

Dilution Factor = ^ , so . m ] ■ . 

mi sample used In dilution 

lc. The reduction process tonverts the n1trate-N 
Initially present 1n the sample to nitrite 
nitrogen and the species analyzed 1s nitrite 
n i trooen . 

Id. Any n'trlte nitrogen Initially present 1n the 
sample remains as nitrite nitrogen after the 
reduction. Thus the total nitrite analyzed 1s 
the sum of the nitrite Initially present and 
the nitrite which has been formed by "reduction 
of nitrate. 


IX. 0.1a 
(p. 47) 

VII. 0.1b 
(p. 44) 


P. Determination of 
»g/11ter Nitrite 
Nitrogen 1n a Sample 


1. Use the absorbance for 
the non-reduced sample 
an<Lthe standard curve 
for non-r^durpd cjunnl*c 
\ nu2 - n / to od ia 1 n ine 

mg/Hter of n1tr1te-N 1n 
the sample and record 1t 
1n Column (C) on the data , 
sheet provided. 


1*. If the "sample was not diluted (25 ml of sample 1s 
used), the mg/Hter result 1s read directly from 
the nitrite standard curve. 

1 k I. + U A fl ■ Mill 1 — , ._ Jtt4jT,.A_JA_.. f t*\ 1 a t 

id. it tne sample was Blluted to a 50 ml volume (as 
given 1n K.l), the »mg/l Iter result read from the 
nitrite standard curve must be multiplied by a 
dilution factor which would be: 

Dilution Factor ■ 50 ml 

ml sample used In dilution 


IX. P. la 
(p. 47) 

VII. P. lb 
(P- 44) 











EFFLUEMJ JtffllTORING PROCEDURE: 



Determination of N1trate-N1 trite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDUR ES 

Q. Calculation of 
mg/llter Nitrate 
Nitrogen In a Sample 



R. Calculation of 
ng/Hter Nitrate 
1n Sample 



S. Calculation of 
mg/11ter Nitrite 
In Samples 



9 
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STEP SEQUENCE 

Subtract the mg/Hter of 
n1tr1te-N 1n the sample 
from the mg/Hter of 
n1tr1te-N plus n1trate-N 
1n the sample to obtain 
the concentration of 
n1trate-N. 




2. Record tfKTJmswer In 
Column (E) on the data 
sheet provided. 



1. Multiply the value found 
for nitrate-nitrogen 
(N0 3 -N) by a factor of 

4.43. 

2. Record the answer 1n 
Column (F) on the data 
sheet provided. 



1. Multiply tbe value found 
for nitrite-nitrogen 
(N0 2 -N) by a factor cf 

3.29. 

2. Record the answer 1n 
Column (G) on the data 
sheet provided. 



INFORMATION/OPERATING GOALS/SPECIFICATION S 

la. Since the procedure measures the total nitrite 
concentration 1n a sample, the nitrite concen- 
tration of samples must be determined with 
reduction and without reduction. The nitrate 
concentration of a sample is then determined by: 

N0 3 -N - (N0 2 +N0 3 -N) TOTAL - (N0 ? -N) WITHOUT 

WITH c REDUCTION 

RE- 
. DUC- 
TION 

These concentrations were recorded on the data 
sheet 1n Columns (A) and (C) respectively. 



la. (NO3-N) x (4.43) * mg/Hter Nitrate 1n samplef 
lb. H0 3 -N value was calculated 1n Procedure Q and 
recorded 1n Column (E). 



r 



* 



la. (N0 2 -N) x (3.29) - mg/Hter Nitrite 1n sample. 

lb. N0 2 -N value 1s found by using the calibration 

curve for non-reduced samples as 1n Procedure P 
and recorded 1n Column (C). 



TRAINING 
GUIDE NO TES 

iX.Q.la 
(P. 47) 



IX.R.lb 
(P. 47,) 



IX.S.lb- 
(P. 47) 
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TRAINING GUIDE 



SECTION TOPIC 
I* Introduction 



II s Educational Concepts - Mathematics 

III J Educational Concepts - Science 

IV Educational Concepts - Communications 

V Field and Laboratory Equipment • 

VI* Field and Laboratory Reagents 

VII* Field and Laboratory+Ana lysis 

VIII* Safety 

IX* Records and Reports 



♦Training guide materials are presented here under the headings marked*. 
These standardized headings are used throughbut this seHes of procedure 
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INTRODUCTION 



Section I 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



ERIC 



The cadmium reduction procedure for^i1trate-n1 trite 
nitrogen provides a sensitive method for the deter- 
mination of nitrate singly, or nitrite and nitrate 
combined 1n drinking, surface, and saline waters. 
The method 1s commonly used to determine both 
n1trate-N and n1tr1te-N 1n water samples. 

The procedure described in this EMP 1s applicable 
for range of 0.01 to 1.0 mg/Hter of nitrate- 
nitrite nitrogen. However, the range may be 
extended by appropriate sample dilution. ' 

The test described 1n this Instruction can be found 
1n the 1979 EPA Methods Manual on p. 353.3-1, entitled 
Nitrogen, N1trate-N1 trite (Cadmium Reduction Method) 
Another reference which contdns an acceptable 
test for NPOES monitoring 1s on page 423 of the 14th 
edition of Standard Metmods. 

The major Sources of nitrogen entering the environ- 
ment are: through the heavy application of nitrogen- 
ous fertilizers which cause agricultural runoffs, as 
the end products of aerobic stabilization of- organic 
nitrogen, 1n domestic sewage, through animal and 
plant processing wastes, 1n animal manure, through 
the atmosphere and 1n various type! of Industrial 
effluents. 

While nitrogen 1s essential to our survival (as 1n 
the make-up of amino adds and proteins), when 1t 
exists as nitrate and nitrite 1t can be toxic. A 
Hm1t of 10 mg/1 n1trate-N and 1 mg/1 n1tr1te-N 1s 
recommended for public water sources. The desirable 
criteria 1s virtually 0 filter. 

<~ 

In ruminant animals (i.e. cows) nitrates may be 
Internally reduced by bacteria present 1n the rumen 
to nitrites. The nitrites have been found to be tox- 
ic to these animals. Dr. Joptha E. Campbell, (Chief, 
Food Chemistry Unit, M1lk and Food Research, Environ- 
mental Sanitation Program, Public Health Service, 
U.S. Department of H.E.W., Cincinnati, Ohio, 1968) 
has reported methemoglobinemia 1n cattle receiving 
water containing 2.790 mg/Hter of nitrate. 

Nitrates 1n high concentrations have .also been found 
to stimulate vegetative growth under favorable con- 
ditions. Heavy undesirable growth 1n fresh water can 
lead to eutrlflcatlon of Important waterways. 

2M 



Methods for Chemical 
Analysis of Water and 
Wastes, 1979, EPA- 
EMSL, Cincinnati , * 
Ohio 45268,. p. 353.3-1. 

Standard Methods for the 
Examination of Water and 
Wastewater, 14th ed., 
1976, APHA, New York, 
New York, p. 423. 



Federal Water Pollution 
Control Administration 
Water Quality Criteria . 
U.S. Government Printing 
Office, Washington, D.C. 
1968. 
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Nitrogen, Cadmium Reduction Method ' 



FIELD AND LABORATORY REAGENTS 



Section VI 



TRAINING GUIDE NOTE 



A 



^RJEERE 



NCES/RESOURCES 



Samples should be analyzed for nitrate nitrogen as 
soon as possible after sampling to avoid any change 
1n nitrogen balance due to biological activity. If 
analysis can be made within 24 hours, the sample 
should be preserved by refrigeration at 4°c. 
Samples should be preserved with sulfuric add 1f 
they are to be held more than 24 hours. To pre- 
serve samples for analysis, add 2.0 ml of con- 
centrated sulfuric acid per liter of sample and 
store at 4°C. 



1 — 



"--V .„ 
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1 EFFLUENT MONITORING PROCEDURE: Determination of Nltmte-NitiHiw iHfrA^n a «w m^.*.- 

Nitrogen, Cadmium Reduction Method 


1 FIELD AND LABORATORY ANALYSIS 


Section -vii , 


H 


TRAININ6 GUIDE NOTE 


REFERENCES/RESOURCES 


■ N.3b 

L c 


Check the column efficiency when 1t 1s suspected 
unat. coiuim ernciency is decreasing* as Indicated 
by suspected low concentration levels. Prepare 
working standard nitrate solutions, -and pass them 
unruuyn tne coiumn. ^ beg in at t. Preparation of 
* Nitrate Working Standards,) If 'the absofBance for 

the known rnnrAn^rsf 4 An Haap «. j . . ^ « M b 

wiic Miuffii luntciitrati on uoes not give a-fl average 

between 96X and 104% of your standard curve value 

for redlJCPH nit**j|^n ctanH&rHc rt-F anii^wilanf 

i «» i cuuwcu mi crate btanuarub QT e(JU1Va*ient COn(5en~ 

tratlon, the colunm must be reactivated, 
REACTIVATION OF COLUMN 


• 


• 


1. Empty cadmium granules from column into a clean 
beaker* 






2. Wash with distilled water ^ Hmoc 






3. Add enough dilute HC1 to cover granules. 




• 


4. Swirl contents. 






€. Decant HC1. 






6. Wash with rHcMlleH w»t>a» 7 +*tt±c 

w • ff 1 wri u lot 1 iieu water J t lines* * 






7. Add 100 ml CuS0 4 solution to granules. 






8. Swirl contents of beaker for approximately 5 

mlnUteS Until the blue rnlrtr farlac tn rnlnvlaec 
■ ■ vj mmvii wic uiuc wo i ut raueo to vOioriess* 


m 




9. Decant liquid leaving the granules. 






10. Repeat steps 7 t 8, and 9 until a very ftne 
brown-red Dree inl fate fnrmc 






11. Wash Granules urfth HicMllaH uatov* /snn M AvU«f A i.< 

iKi^M yiaiiuicj wi tn oiotiiieu water ^approx imateiy 
10 times) until precipitate 1s removed.. 

i 






12. Place Granules On the f*C\ mek e^aua 

i tm * i tuv,c yiciMuico un tne ou rnebrl Sieve* 


- 


/ 


13. Shake to remove the small particles (the particles 
which remain on the sfeve are the ones you want.] 






14. Repack COlunm (nArkinrr mnct Irirtco^ ^ 


V " 




15. Activate the column (See F.2). 






16. Standard curve using nitrate working stadards 
must be re-established;. 




Ierjc 


17. Check column efficiency as described in N, 
Checking Column Efficiency. 27 \ 


'.<■•". 
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IELO AND LABORATORY ANALYSIS 



Section VII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



H.I. 2a 
KJ.2a 
0.1b 
P.lb 



'*1 



Since a dilution 1s only part sample, 
^sorbance reading obtained 1 for 1t 1s 



ERLC • 
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when the 
s converted to 
a concentration using ^calibration curve, the 
concentration obtained 1s only that of the dilution. 
To obtain the mg/Hter concentration of the sample, 
the mg/nter concentration of the dilution must be 
multiplied times the amount of dilution (must be 
multiplied times the dilution factor). For a 1/2 
dilution (25 ml sampVe/50 ml total volume) the 
dilution factor iJould be 2 (the dilution 1s only hatf 
sample). For a 1/5 dilution (10 ml of sample/50 ml 
total volume) tl)e dilution factor would be 5. 1 Below 
1s a table of some dilution factors whe*fi the sample 
1s diluted to a 50 ml volume. 



ml of 
50 ml 



Sample per 
Total Volume 



t 



10 v 
5 
1 

0.5 
0.05 



Amount of 
Dilution 

1/5 
1/10 
1/50 ' 
1/100 

l/iood- ' 



Dilution 
Factor 

2 
5 

10 
- 50 
100 
1000 



0 



The 
late 
d1 flitf 

D1lut1 



^utlon* factor- for any dilution may be calcu-.. 
ly dividing the ml of sample used .1n the ' 
on Into 50: 



50 ml 



Pi - JU HI I 

on Factor - m i ^ amp le used /in dilution 



Ex. 2 ml of sample diluted to 50 ml 



§ - 25* 



Thj? dilution -factor for this dllut+on would be 25. 



27? 



X 



J 
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x. Nitrogen, Cadmium Reduction Method 



FIELD AND LABORATORY ANALYSIS 



.2a 



ERIC 



TRAINING GUIDE NOTE ^ , 



A calibration curve 1s -prepared by plotting the 
measured absotbance of- each of the workfnd 

.s'SStf JS r !KSJ. h E.fgS? iht,r * t1on 1n * the work1n 9 



sj' 




Section VII 
REFERENCES/RESOURCES 



i i i - i i i i i I in j, i 



^ CONCENTRATION OF f40 3 or NO2 - N. mg/hter 



v. 



1 



r 



p 
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Nitrogen, Cadmium Reduction Method 



SAFETY 



Section VIII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



C2.1d * 
t 



Cadmium metal 1s hlghljNoxIc-thus caution must be 
exercised 1n the use of cadmium. Cadmium metal 
should never be handled directly since cadmium has 
been shown to have cumulative effefcts. Rubber 
gloves- should be used whenever cadmium must be 
handled. A mask should be worp during the filing of 
cadmium and t^e filing should be donein a hood. 
The waste cadmium should be disposed of 1n an 
appropriate manner which conforms to Federal , State 
and local pollution coritrol regulations.. 



. \ 



i 



( 



V 



1 
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EFFLUENT MONITORING PROCEDURE : Det«rm1nat1on of Nltrate-N1 trite Nitrogen and Nitrate . 

Nitrogen, Cadmium Reduction Method 



RECOROS AND REPORTS 



Section IX 



TRAINING GUIDE NOTE 



J ' 

•Youvlll need the following Key tb use the Example 
Data Sheet found on the next page: 

v* 

key to Data sheet ^ 

(B) Record the absorbances of the column-reduced 
nitrate working standards and of the column- 
reduced sample(s) 1n Column (B). 

s 

(D) Record the absorbances of the non-reduced 
nitrite 'working standards and. of the non-reduced 
sample(s) 1n Column (D). 

(A) Read the mg/ liter (concentration) of 

*Total N0 2 +N0 3 -N 1n the colunm-reduced sample(s) 

from the corresponding calibration curve and 
record the answer(s) 1n Column (A). 

(C) Read the mg/Hter (concentration) of N0 2 -N 1n. 

the non-reduced sample(s) from the corresponding 
calibration curve and record the answer(s) 1n * 
Column (C). 

(E) Subtract: Value .(A) - Value {C) » Value (E) 

(F) Multiply: Value (E) x 4.43 » Value £F) 

(G) (Multiply:- Value (C) x 3.29 * Value (G) 



REFERENCES/RESOURCES 



L.2.2b 
M.4a t 



L.3.2a 
M.Sa 



O.la 



P.la 



Q.la 
R.lb 
SAb 
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Nitrogen, Cadmium Redaction Method 



RECORDS AND REPORTS 



Section IX 



EXAMPLE DATA SHEET 



See Key on Page No. 7-47 
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. Cadmium Reduction Method 



1.00 



0.80 



<_> 

1 

8 

to 

CO 

< 



O.40 



0.2C 



0.001 



RECORDS AND REPORTS 



SECTION IX 



0.10 



0.20 



fl.30 



0.4Q 
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EFFLUENT H0NIT0RIN6 PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of Nitrate Nitrogen 

Cad»1u» deduction Method 



RECORDS AND REPORTS 



SECTION IX 



DETERMINATION OF H0 2 -N 
(Non-reduced Nitrite Standards) 
CALIBRATION 6RAPH 

SIGNATURE OF PREPARER: 

DATE GRAPH WAS PREPARED: 
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_ \ /'A PROTOTYPE FOR DEVELOPMENT OF . 
Ml / ROUTINE OPERATIONAL PROCEDURES 
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1 DETERMINATION OF NITRATE IN DRINKING WATER 
[ AND WASTEWATERS 6Y THE BRUCINE METHOD 
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as applied in 

WATER TREATMENT FACILITIES 
WASTEWATER TREATMENT FACILITIES 
- and in the~ 
MONITORING OF EFFLUENT WASTEWATERS 
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Effluent Monitoring Procedure: Determination of Nitrate 1n Drinking Water 

and Wastewaters by the Brudne Method 

1- Analysis Objectives; 

The learner will determine the nitrate content of a sample of drinking 
water or wastewater effluent, 

2. Brief Description of Analysis: 

Brucrrie sulfate-sulfanlUc add color reagent 1s added to a series of 
nitrate, standards and to the sample* The yellow color which develops 
1s read 1n a spectrophotometer at 410 ran. A calibration grapjr 1s 
prepared, and the nitrate nltrogeo content of the san^1e\is determined 
from the graph. 

3.. Applicability of the Procedure: 

The method works well 1n waters having salinities which range from 
that of fresh water to sea water. 

a. Range of Concentration: 

* The method is reconmended for use 1n the range of 
0.1-2.0 mg of nitrate n1trogen/l. 

b. Pretreatment of Sample: 

Filtration through a 0.45 ym membrane in the~ 

case of samples which are turbid or. contain solids. ^ 

See C.2. % 

c. Treatment of Interferences in the Sample: 

Chlorine is an Interference and is removed by addition 
of sodium arsenlte solution." See C.e. 

4. Source of Procedure: 

Standard Methods for the Examination of Water and Wastewater, 14th ed. 9 
pg. 461, Method 213C, 1975. 
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EFFfUENT MONITORING PROCEDURF ; Determination of Nitrate 1n Drinking Water and Wastewaters ElO.B-4 
T by the Brucine Method 

j] 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS^SPEC I F I CAT I OMS 


TRAINING 
GUIDE NOTES 


A. Equipment Preparation 

1. Cleaning of* 
glassware 

2. Balance Inspection 


1. Clean all Glassware and 
rinse with Up and 
distilled water. 

1. Check all balances for 
cleanliness and proper 
operation. V 


la. Consult the manufacturer's manual if* the balance 
does not operate properly. 


?3 

V.A.LjJ. 
(P. 16) 


B. Reagent Preparation 

1. Distilled Water 

? 

2. Stock fMtrate 
Solution 

* 

y 

t 

-* 


1. Prepare approximately five 

liters of distilled water 

for use in tnis procedure. 
* * 

f 

1. Add about 500 ml of water 
to a 1 liter volumetric 
flask. 

2. Weigh 0.7218 g of 
anhydrous potassium nitrate 

3. Transfer it to the flask. ■ 

4. Sttirf the flask. 

5. Add water to the 1000 ml 
mark. 

6. Thoroughly mix the contents 
of the flask. 


la. Either distill the water, or obtain distilled ^ 
water from some other source. 

lb. Throughout- the remainder of this procedure, unless 
otherwise stated, the term water means distilled 
, water. 

la. 'Estimate the 500 ml . 

2a. Use an analytical balance. 

V 

4a. To dissolve the solid. 
• 

6a. The concentration of this solution is 0.1 mg N/ml . 





EFFLUENT MONITORING PROCEDURE 



OPERATING PROCEDURES 

» B. Reagent Preparation 
(Continued) 



,3^ Standard Nitrate 
Solution 



4. Brucine Sulfate- 
Sulfanllic acid 
Solution 

V 



Determination of Nitrate In Drinking Water an 
by the Brucine Jiethbd 



ndiWa 



lastewaters 



STEP SEQUENCE 

7. Transfer the solution to a 
1*1 iter glass stoppered 



bottle. 



1. Pipet 10.0 ml of the stpck 
nitrate solution into a 
1 liter volumetric flask, 

I- Add water to the 1000 ml 
- mark. 

\ 

3. Thoroughly mix the contents 
of the flask. 

4. Transfer the solution to a 
1 liter glass stoppered 
bottle. 

1. Weight. 0 g of brucine 
sulfate. 



2. Weigh 0.1 g of sulfanlUc 
acid. 

3. Measure 70 ml of water, 

4. Transfer It to a 250 ml 
Erlenmeyer flask. 

5. Heat the water to almost 
{ boiling. 

6. Transfe^the brucine 
sulfate and sulfanllic acid 
to the flask. 



INFORMATION/OPERATING GOALS/SPECIFICAUONS 



la. 
lb. 
2a. 

3a. 



Pre'pare this solution "just prior to use. 
Use a volumetric pipet. 
Use a trip balance 

% 

The concentration of this solution is. 1.0 ug N/ml. 



la 



. Caution: this material Is extremely toxic?SJf any 

1 S ? led ^ wipe U up with dam P tissues, discard 
tne. tissues, and wash your hands thoroughlyi 



lb. Use a trip balance.. 



3a. Use a 100 ml graduated cylinder. 



r 
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OPERATING PROCEDURES 



+ 



STEP SEQUENCE" 



War* ' 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING- 
GUIDE NOTES 



B. Reagent Preparation. 
(Continued) 



5. Sulfuric acid 
Solution 



7. Steasure 3 ml of concentra- 

ted hydrochloric acid, HC1. 

8. Add it to the fl'ask. . 

9. Swirl the flask. 

10. Allow the solution to cool- 
to room temperature. 

11. Measure 30 ml of water. 

12. Transfer it to the flask. 

13. Thoroughly* mix the contents 
of the, flask. 

14: Transfer the solution to a 
100 ml glass stoppered 
bottle. 

1. Measure 125 ml of water. 

2. Transfer 1t to a.l li^er 
Erlenmeyer flask. 

3. Measure 500 ml of 
concentrated sulfuric acid, 
H 2 S0 4 .. 

4. Pour about 100 ml of the 
acid Into the Erlenmeyer- 
flask. 



7a. Use a 10 ml graduated cylinder. 



9a. To dissolve the solids. 



11a. Use a 100 ml graduated cylinder. 



13a. Caution: this solution is also extremely toxic. 



la. Use a 100 ml graduated cylinder. 

3a. Use a 500 ml graduated cylinder. 

4a.' Pour\1t down the sides of the flask. 



L 



/ 



EFFLUENT MONITOR-INS PROCEDURE : Determination of Nitrate 

by the Brucine- Method 



in Drinking Water and Wastewaters 

' ' ' i 




OPERATING PROCEDURES 



B. Reagent Preparation 

(Continued) 



6. Sodium Chlorid 
Solution 



t 



( 



2^ 



9 ' 
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STEP SEQUENCE" 



5. Thoroughly vix the corvtents 
of the flask. 

Repeat steps 4 and '5 until 
♦ all- of the acid has been 
added. ^ 

7. Allow the solution to cool 
to room temperature. 

* 

8. Transfer the solution to a 
1 liter glass stoppered 

' bottle. 

1. Add about 70 ml of water. 



2. Transfer it to a 250 ml 
Erlenmeyer flask which 
has a mark at the 100 ml' 
level. 

3. Weigh 30 g of sodium ^ 
chloride, NaCl . 

4. Add it to the flask. 

5. Swirl the flask. 

6. Add water to the 100 ml 
mark. 

7. Thoroughly mix the contents 
of the flask. 



I NFORMAT I ON/OPE, KftT I NG GOALS/ SPEC I F I CAT I QNS 
5a. Caution: a large amount of heat wil^be generated 

r ■ ' 



la. Prepare this solution* only. 1f the sample Is known 
i^contaln chloride. Two ml cff it are needed per 
sample^nd standard. 

lb.' Estimate the 70 ml . 



5a. To dissolve the solid. 



TRAINING vv 
GUIDE NOTES' 
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OPERATING PROCEDURES 



STEP SEQUENCE* 



INFORMATION/OPERATING 



S/SPECIFICATIONS 



TRAINIf 
GUIDE NOTlS 



4QTI; 



B'. Reagent Preparation 
(Continued), 



*?. Sodium Arsenlte 
Solution 



Transfer the solution to a 
100 ml glass stoppered 
bottle. 



Add about 50 ml of water to 
a 100 mr volumetric flask 



Weigh 0.5 g of sodium 
arsenite, NaAsO-. 



4. 
5. 



7. 



^Oarftple Pretreatment 
ir3fcjrage and 
Preservation 



Transfer it to thfe 
volumetric flask. 

Swirl 'the flask. 

Add water to the 100 ml 
mark. 

Thoroughly mix the contents 
of the fiask. 

Transfer it to a 100 ml 
glass i stopperec) bottle.^ 4 



t 

la. Prepare this solution only if the samplers known 
to contain chlorin§\ . 1 

lb. Estimate 'the 50 ml . - * 

2a. Caution: this material is extremeTy toxic. If any 
is spilled, wipe it up with da*p tiss&es, discard 
the tissues, and*wash your hands thoroutfWy. 

2b.^tJse a trip balance. 



4a. To dissolve the soid. 



6a. Caution: This solution is also extremely toxic) 



Start the nitrate 
determination promptly " 
after sampling. 



la. Standard Methods offers three preservation 
techniques when needed: 

% ' * 
1) Concentrated sulfuric acid, 0.8 ml/liter/Of 

sample. If this tjfchnique is used, the sample' 
. 'must be neutrali^ra to a pH of about f jgis t 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Sample Pretreatment 
(Tontlnaed) 



2. Solids, Turbidity 



3. Chlorine 



er|c/ 



1. If solids and/or turfrfdlty 
are present In the sample, 
filter It through a*0.45 u 



membrane filterv 



1. Determine the free and com- 
bined chlorine content of 
the sample In mg/1. 



For each 0.1 mg of chlorine 
(free and combined), add 1 
drop of the sodium arsenlte 
solution. 



before beginning the determination. 
it) Mercuric chloride, .54 mg/liter of sample. 1 
ill) Chilling to just above the freezing point. 

lb. For later convenience in handling the chlorine 
Interference filter 1 liter of samplfe. ^ 

• 

a, The- filter will be plugged quickly by solids In the 
sample. However, only about 20 ml of filtrate Is 
needed for the determination. 



a. Forjamples of wastewater effluent, two methods are 
apBWved: amperometrlc or tltrimetrlc. For samples 
of drinking water, one method is approved: N, 
N- Dlethyl-Phenylenedlamlne (DPD). See the 
> appropriate Effluent Monitoring Procedure* (EMP'sfT 

2a. Example calculation: 

. 0.1 » mg of free' chlorine per liter of sample ■ 

1.0 = mg of combined chlorine per lfter of sample 

Then ^1.1 = mg of free. and combined chlorine per 
liter of sample. 

.Therefore add 11 drops of the sodium arserjte for 
each 1 liter of sample. Only about 10 mV of sample 
will actually be needed for the determination, but 
it Is convenient to, actually collect a larger 
' * lite/ 



volume such as 1 1 



For each 50 ml of sample, 
\dd 1 drop af the sodium 
arsenlte infexcess. 



2 



E10.B-9 



V 



EFFLUENT MUNI TOR fNG PROCEDURE: 



Determination of Nitrate '1n Drinking Water and Wastewaters 
by the Brudne Method * - 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Sample Pretreatment 
(Continued) 



D. Procedure 
1. Sample 



4. Thoroughly mix the contents 
* of thtf sample container. 



1. Assemble 9 large test tubes 
• .In a wire rack. 

v 

2. P1pet 1.0 ml of sample ' 
tnto a large test tube. * 

3. P1pet 9.0 ml of water Into 
the same tube. 

4. Mix the contents of the 
tube. 



5. P1pet 5.0 ml of the same 
sample Into a second large 
test tube. * f . 



la. There must be an empty rack space next to "each 
tube. 



2a. Use a graduated ;p4 pet. 

3a. Use a graduated plpet. 

4a. This 1s a 10% sample dilution. 

5a, Use the same plpet as 1n jia. 



Pfpet 5.0 ml of water Into 
the same tube. 

7. Mix the contents of the 
tutor. ' 

Plpet 10.0 ml of the same, 
sample Into a third lafge 
test tube. . 
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fa. Us?, the same plpet as 1n 3a. 

f * • 

-7a?~Th1s is a 50% sample dilution. 



8a. Use' the same plpet as 1n 2a. 

8b. This 1s an undiluted, or 100%, sample. 

Bemuse a/dean graduated plpet to -measure volumes of 

different samples. 
8d.«The Idea of preparing three sample dilutions 1s 
that 6ne of them will give a result within the 
Applicable- range of the test. Once experience 
^fbt/the sample source 1s gained, 1t will not be 
necessary to do more than one sample dilution. 



EFflUENT MONITORING PROCEDURE : Determination of Nitrate In 
• ~ by fye Bruclne. Method 



r 

DrlRklng Water anfl Wastewaters 



DP£ RATING PR8CEDURES 



^SJEP SEQUENCE 



NFORMAT ION/OPERA T I NG GOALS/SPECIFtfATIONS 



TRAINING 
GUIDE NOTES 



D, Procedure (Continued) 
.2. Standards 



1. P1pet standard jrrttrate . 
solution (B.3) and water 
Into the s^x remaining / 
large test tubes. 



la. S&aV to obtain' tye following solutions: 



V. 



3. Sodium Chloride 



2u; 



9 
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Tube : 
Number 


ml of Standard 
Nitrate Solution 


ml of 
Water 


Cone, of , 
Nitrate , 
Nitrogen- In 
mg/1 • 


1 


0.0 


10.0 


»' 

0.0 




1.0 


. 9.0 


• 0.1 


3 


^.o ( V 




• 

0.2 


4 . 


4.0 


« .6.* 


0.4 


5 


.* 7.0 


~-3.0 


— * 

0.7 


6 


10.0 


0.0 * 


1.0 



1. Plate the rack 1n a tray 
containing tap water or 
cold water from a fountain. 

2. Add about 6 1ce cubes to 
ttje t^ay. 



lb. 



la. 



Use one. 10 19I gradated plpeJt for the standard 
nitrate; and a smfnd for trfe water. 

The water level should be about half-way up the 
tubes. f 



P1j5£t 2.0 mT of the sodium 
chloride solution Into each 
of the 9 tubes. 



2a.. If cold water 1s used, step 2 1s unnecessary. 

3$. Use a, U> ml graduated plpet only 1f the sample 
contalns'Xl". 
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OPERATING PROCEDURES 



.STEP^gjUENCE 



JL 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D. Procedure (Continued) 



4. Sulfuric Add 



i 



5, Turblcljty 



4, Thoroughly the contents 
of each of the 9 tubes. 

1. P1pet 10.0 ml of the: sul- 
furic add solution Into 
each of the 9 tubes. 

2. Thoroughly mix the con- 
tents of each of the 

9 tubes. 

3. Allow the tube contents to 
cool to roQm temperature. 



1, Check the three sample 
tubes for turbidity, i 



( 



3 



2, Turn on the Sptffc 20. and 
allow 1t to warm up, 

3, M Zero M the Instrument 
using tube number 1. 

4, Measure and record the 
absorbancles of those 
sample tubes whose contents 
are turbid. 



4a. By hand swirling. 

4b, Do not use a vortex-type mixer," 

- i 

la- The rack 1s still in the cold water, 
lb. Use a 10 ml graduated pipet. 



2a. By hand swirling. 

2b. Do not use a vortex- type mixer. 



3a, Th$ 1ce cubes or cold water will probably have to 
be replaced, / 

3b, Do this step only 1f the sample 1s known .to con- 
tain chloride, 

la. If more than one type of sample 1s being run, 
there may be more than three sample tubes. Check 
all the sample tubes for turb1d1ty r 
lb. If no turbidity Is present, proceed to D.6, 

Color Development, 
lc. If turbidity Is present, do steps 2, 3, and 4 
below. 4 



3a. At 410 ym. 



EFFLUENT MONITORING PROCEDURE : 



Determination of Nitrate 
by the Brucine Method 



1n Drinking Water and Wastewaters 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING -GOALS/SPECIFICATIONS 



. TRAINING 
GUIDE NOTES 



ProceduFe (Continued) 
6. Color Development 



) 



7. Color Measurement 



1. P1pet 0,5 m\of the bru- 
cine sulfate-sulfanillc 
apld reagent Into each of. 
the 9 tubes. 

r2. Thoroughly mix the con- 
tents of each of the 9 
tubes. 

3. Place the rack of tubes 1n 
? the hot water bath. 

4. If the Spec 20 has not* been 
.used prior to this step, 
turn It on now and allow 
It tq warm up. 



&. After exactly 20 minutes 
remove the rack from the 
hot water and place It ■ 
back Into the cold water. 

1. Remove the rack from the 
cdld witer bath. 

2. Dry the outside of &e 
large test tubes. 

3. Zero the* Spec 20. using 
•tube 1 as a "blank." 

4., Record the absorbanlces for 
tubes 2 through 6. 

5. Record the absorbancles 
for a^jj^inple tubes. 



la. The rack Is still in the cold tfater. 
lb. Use a 10 ral graduated pipet. 



2a*. By hanc^swlrl 1ng. 

2b. Do notuse a "vortex-type mixer. 



3a. Nlnety.-flve degrees C 



t 



5a.< The Ice cubes' or cold water may have to be 
replaced. 

5b. The contents of the tubes should \e at room 
temperature. • I 



A' 



4a. Th*$e six tubes, are the standards to be used 
preparing tfie calibration graph. 



In 



3'.) 



) • 
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OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT ION/OPE RAT I NG GOAL S/ SPEC I F I CAT IONS 



TRAINING 
GUIDE -NOTES 



E. Calculations 



met 



Prepare a calibration 
graph using the absorban- 
des. and concentrations 
for tubes 1 through 6. 

If any absorbandes due^ 
to turbidity were recorded 
for any of the sample 
tubes, subtract those 
absorbandes from the 
appropriate absorbandes 
obtained 1n p. 7. 5 above. 1 

Determine the rog of 
nitrate nitrogen per liter 
of sample far each 
different sample. 
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J 



/ 



1* 



7 

\ • 



3.01 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate 1n Drinking. 

Hater and Wastewaters by the Bruclne Method 



SECTION 



V 



I 



II 
III 
iv • 

V* 
VI 
VII 
VIJI 
IX 



TRAINING GUIDE 

TOPIC 
Introduction : 
Educational Concepts - Mathematics 
Educational Concepts - Science 
Educational Concepts - Communications 
Field and Laboratory Equipment 
Field and LaboratoryJteagents u 
Field and Laboratory Analysis 
Safetjj 

Records and Reports 



r 



. *Tra1n1ng / Gu1de'feter1a1s are presented here under the -headings ma rk'&l*. 
These standardized headings are used through this series of proceudres. 
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EFFLUENT MONITORING PROC EDURE ; Determination of -Nitrate 1n Drinking Water and Wastewaters 
the Brudne Method 



FIELD AND LABORATORY EQUIPMENT 



Sectfon V 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



A. 1.1 



9 
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If the glassware 1s especially dirty and canrfet be 
cleaned with ordinary detergents, chromic acid 
cleaning may be required. 

1. Pour 35 ml of distilled water 1n a' 250 ml beaker. 



"2. Add about 1/8 teaspoon {simply estimate this 
quantity) of sodium dlchromate, Na 2 Cr 2 0 7 , to# 
^the water. 

3. Swirl the beaker until the sodium dlchromate has 
dissolved. \ - * 

Keep repeating steps 2 and 3 until no more 
. .sodium dlchromate w1U 'dissolve. 

5.. Pour the solution Into a 2 liter beaker. 

* t Slowly pour 1 liter of concentrated sulfuric 
add, H 2 S0 4 , Into the 2* liter beaker. 



7 



14th Standard Methods, 
p. 336, section 2.c.2) 



\ 



Caution: Use eyeglasses and 

protective clothing. 1 

7. Stir the mixture thoroughly. } 

8. Store 1t In a glass stoppered b&ttleT 

9. The ileantng solution should be at a temperature^ 
of atfcut £0°C when\it is used. 

10. It may\|berefore4>e necessary to warm the 
clean1ng*solut1or\. 

11. When using the warm cleaning, solution, fill the 
piece of glassware with the solution. 

12. Allow it to soak for 2^3/ninutes (or longer). 

13. PouT^the cleaning sol utJ^rT back Into the storage 
bottle. 



> 



14.- Rinse the pifce of glassware ten 
*tap water. * 



i ■ 

times wifth 



15. The cleaning solut1on*may be reused until 1t 
turns green. 

16. It should then be discarded. i 
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^ DETERMINATION OF FLUORIDE IN POTABLE AND 
WASTEWATERS USING THE 
— . SPADNS COLOR IMETRIC, PROCEDURE 



as applied 1n 

i 

K WATER TREATMENT FACILITIES 
WASTEWATER TREATMENT FACILlYlE.S - 

and 1n ~th> 
MONITORING OF EFFLUENT WASTEWATERS 



National Training and Operational Technology Center 
Municipal Permits And Operations Division 
Office of Water Program Operations 
U.S. Environmental Protection Agency 



CH.HAL.f.l*b.WMP.l.n.77 



ERIC >' 307 



7 



c 



EFFLUENT WNITORINGJAOCEDUREj Determination of FJuirlde 1n Potable 
%■ and Waste Waters Using the SPADNS 

Color1metr1c Procedure 

1. Analysis Objectives: ^ *• 

The. learner will determine the fluoride" content, of a water or wastewater 
sample using the SPADNS ColoHmetrlc Procedure. / 

2. Brief Description of Analysis: , # 

After distillation. toJJremoVe .Interferences the sample 1s treated with the 
SPADNS reagent.' The amount of color remaining after the reaction of the 
fluoride and reagents 1s read on a spectrophotometer. This reading 1s] a 
'function of the fluoride concentration. 

3. Applicability of this procedure: 

a. Range of Concentration: from 0.05 to 1.4 mg F liter. 

b, Pretreatment of Sample: / 

The ^Bellack distillation procedure must be carried out on all samples before 
determination by the SPADNS procedure. The method 1s applicable to the 
measurement of fluoride 1n drinking, surface, and saline waters, domestic 
and Industrial wastes. *The distillation procedure 1s covered 1n It separate 
EMP. s ^ y 

/ c. Treatment of Interferences 1n the Sample:. 

The distillation will remove all Interferences when carried out properly. 
For a 11st of Interferences consult.the training guide note* (VII. B.2.a) • 

4* Source of Procedure: 

Standard Methods 'for the Examination of Water and Wastewater; 14th 

Edition 1975. pg 393. N \ 
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• FLUORIDE ANALYSIS FLOW SHEET 



SAMPLE 



Potato* Mater 



DISTILL 



SPADNS 

COLORIMETRIC 
METHOD 



Waste Water 



DISTILL 




ELECTRODE 
METHOD 
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EFFLUENT MONITORING PROCEDURE: Determination of Fluoride 1n Potable 

and Waste Waters Using the SPADNS 
Col or 1me trie Irocedure 

• ' * •> 

Equipment and Supply Requirements 

A. Capital Equipment: 

. 1. Spectrophotometer?* for* use at 570 nm providing a light path of 
at least 1 cm. with cells. 

2. Analytical balance; capable of weighing to 0.1 mg 

3. Still or Ion Exchange column or other source of distilled water 

4. Still for distilling sample -*"%t*EMP on Fluoride Distillation 

5. Trip balance -'500 gran capacity 

B. Reusable Supplies: 

.1. Beakers - 500 ml glass - 1 each " 

2. Flasks - Erlenmeyer - 125 ml - 8 each 

3. Flasks -Erlenmeyer - 500 ml - 1. each 

4. Flasks, volumetric - 50 ml - 8 each 

5. Flasks, volumetric 100 ml - 2 each 

6. Flasks, volumetric 1000 ml - 2 each 

7. Graduated Cylinder - 500 ml - 1 each 

8. Pipets, volumetric - 10 ml - 3 each 
. 9. Pipets, volumetric - 50 ml - 8 each * 

10. Powder funnel - 1 each 

11. Saftey glasses - 1 pair 
, 12. Spatula - 1 each 

13i Thermometer 0-100- C - 1 each 
14. Wash bottle - plastic - \ each 



C. Consumable Su&He* 

1. SPADNS - Reagent 4.5-dirJydroxy-3 C(p-s'ulfophenyl)azo-2.7 napthal 

dlsulfonlc add, trl sodium salt. 

v ' 

B*k*f Cat No. 5189 — 10 grams 

Eastman Cat No. 7309 — 25 grams ✓ 
Zi Zlrconyl chloride - Reagent Zr0Cl 2 

Baker. Cat. No. X720 — 500 grams * © 

Fisher Cat No. Z»80 — 1 lb 4 
3. Sodium Fluor1de-NaF-Reagent 

* * * 

Baker Cat. No. 3688 — £»• 1 lb. , ' 

* Fisher Cat Nd. 5299 — 1/4 lb. 

^ or / 

Sodium Fluoride Stock Solution 
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EFFLUENT MONITORING PROCEDURE : Determination of .Fluoride 1n Potable 

and Waste Waters Using- the SPADNS 
ColorlmetHc Procedure 

C. Consumable Supplies (continued) 

3. jjjHon Research Inc. Cat No, 34-06-07 
Hach Chemical Co. 
•4. Sodium Arsenlte NaAsO? Reagent 

V 

, Baker Cat No. 3487 1 lb. 

Fisher Cat No. S-225 — 1 lb. 

5. Hydrochloric add HC1 fleagent 

Baker Cat No. 9535 — 1 pt 

f . - _ 

Fisher Cat No. A-144 /I pt 

y 

6. Weighing boats-plastic disposable - 60 each 

7. Pen or Pencil * 

8. Notebook N ^ 

D. Addresses of Suppliers Mentioned 

J. T. Baker, Chemical Co. 
A Public Square 
Cleveland OH 44113 

4 

Eastman Organic Chemicals 
Eastman Kodak Co. 
1187 Ridge Road W. 
Rochester, NY 14650 

Fisher Sdentlc Co. t 

5481 Creek Rd. J * 

Cincinnati, OH 45242 

0 

Hach Chemical Co. 

LO: Box 907 
S.Iowa 50010 

Orion Research Inc. 
380 Putnam Ave. 
Cambridge, MAy02139 
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EFFLUENT MONITORING PRQC EDURF : D*tprmin a n n n * ^ , 

< ' Wl ' cuu ^ - oeterm nation of Fluoride Using the SPADNS Method 

\ 



OPERATING PROCEDUR ES 
A. Sample Collection 



B. Sample pretreatment 



\ 



1. Glassware 



2. Spectrophotometer 
. Inspection 



STEP SEQUENCE 

1. "Collect a minimum of 300 ... 
inj. plastic or hard glass 
container. 



m 



1. Add 1 drop (0.05nl) sodium 
arsenlte (NaAsCL) solution 
for every 0.1 mtj residual 

C 1 • 

2. Distill the sample. 



C. Equipment Preparation 



1 . Rinse all glassware 
Immediately after use with 
tapwater.: 

2. Rinse several times with 
distilled water. 

1. Clean spectrophotometer. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la 



Do not rinse the container In tap water for Its 
final rinse. Tap water usually contains some 

111°a L?w, 1f the source 15 not fluoridating. 
For distillation a volume of 300 ml Is required 
For the SPADNS procedure 50 ml of the distillate 
is ^ised. 

No special requirements are necessary* for 
preservation. 
Id. Polyethylene bottles are preferred, hard glass 
(Pyrex, Kimax) is acceptable 



lb 



le 



la. Chlorine will b.leach the color and 1s therefore 

a definite Interference, 
lb. Caution: This solution (Reagent D.6.) Is toxic 

Take care not' to In jest any. 

2a. For total or total dissolved Fluoride the sample 
must be distilled. v 

2b " dfst1lfed erenCeS Pr6Sent the Samp1e m%t ■* 

2c. The distillation procedure Is covered undft^a 
separate EMP. * ^JSt* 



la. 



If detergents used care should be taken to 
rinse thoroughly te^emove any phosphate. 



2a. All tap water contains traces of Fluoride and 
could also contain about l.Omg/1 If fluoridated. 

la. Free of dust and. dirt. 

lb. Consult manufacturer's Instructions: * 



TRAfNING 
GUIDE NO!" 



.B t 2 
P. 18) 
VII B.2a 
P. 20) 
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EFFLUENT MONITORING PROCEDURE : Determination of Fluoride Using the SPADNS Method 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D/ Reagent Preparation 
). Distilled Water 



2. SPADNS Reagent 



Prepare aboWt six liters of 
diStillfe^water. 
This water should be free 
from fluoride. 

1. Weigh out 0.958g of SPADNS 
w. dye. 



2. Add about 200 ml of 
distilled water to a 

1 liter volumetric flask. 

3. Transfer the SPADNS dye to 
the 1 liter volumetric 
flask, using a powder 

/ funnel*. 

4. Dissolve the SPADNS dye 
1n distilled water. 

5. Weigh gut 0.133 gm 
zfrconyl chloride 

tahydrate. 

6. Dissolve 1n about 200 ml 
dlstllTed water. 



*7. Transfer the alrconyl 
chloride to the 1 liter 
flask with the SPADNS dye. 



la. Use a still or pass tap watfer through a* ion- 
exchange column containing a strongly acidic 
cation exchange resinmixed with a strongly <f 
basic anion exchange r^sin. ' 

la. 1.*., 2L(para sulfophenylazo) -1 .8-d1hydcpxy 
-3,6- naphthalene disulfonate, also called 
45 dlhydroxy -3-(parasulfophenylazo) -27- 
napthalene disulfonlc ac4d trisodiup salt. 

lb. Use an analytical balance and a plastic weighing 
boat. 



3a. 



Use a wash bottle to wash the sol 14 Into the 
flask. The weighing boat should be washed 
three times and the washings added tt> the. flask, 



5a. Use a plastic «e+gh1ng boat on the analytical 
balance. • < 



t 



6a. A 500 ml beaker may be used. 

6b. Use a wash bottle to wash the solid into the 
flask. The weighing boat should be washed three* 
times and the washings added to the fftsk. 

7a.; Care should be taken to rinse the beaker with 
distilled water: 



EFFLUENT •HQNITflRtNG PROCEDURE : Determination of Fluori'de Using <he SPADNS Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



RMATION/OPBRAJING GOALS/SPECIFICATIONS 



training 
guide notes 



2. SPADNS Reaoent 
(Continued) 



3. Sodium Fluoride 
(NaF) stock 
solution'* 100rog,F"/l 



8. Add 350 ml concentrated 
hydrochloric acid (HC1), 



9. Mix well. 

10. Dilute to the 1 liter mark 
with distilled water. 

11. Mix well. V_ 

12. Label. , 

It Heigh out 0.2210 grams of 
Sodium fluoride. 



2. Add about J500 ml oftdls- 

' tilled water to a 1, liter 
volumetric flask. 

3. Transfer the solid to the 
1 liter volumetric flask 
using a powder funnel . 

4. Use a wash bottle to wash 
srflid Into flask. 

5* Dissolve the solid. ' 

6. Dilute to the mark and 
mix thoroughly. 



7/ Label 



8a. Caution: When using the concentrated acid, use 

eye protection. * 
8b. Solution may; Increase In temperature, cool to 

room temperature before proceedio^. ' 



lla>ia]yt1on stable for at Jeast 2 years. 



la. Use an anlytlcal balance • 

lb. Use a ( plastic weighing boat. % 

1c. Solution can be purchased from Orion Research 

Inc; Cat No. 94-06-07 or Hach Chemical Co.; 

Cat No, 232-11. 



4a. The welghin^boat should be washed three times 
and the washings add$d to the flask, 




Ins 0.1 mg.F /1 .0 ml (I.e. 100 ppm 



6a. Solutli 

n. 

6b/ Keep In a plastic container. Solution Is stable 
for at l*ast 6 months. 



J* 
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' OPERATING PROCEDURES 



STEP SEQUENCE 



I H FORMAT I ON/OPE RAT I NG GOAL S/ SPEt I F I CAT I ONS 



TRAINING 
GUIDE NOTES 



4i Sodium Fluoride 
(Naf) Solution 
10 mg F"/l. 



5. ^Sodium Fluoride 
(NaF) Solution 
1.0 mg.F'/Hter 



6. Sodium Arienlte 
(NaAs0 2 ) Solution. 



er|c 



1. Add approximately 50 m] of 
distilled water to a )00 
ml volumetric flask. 

2. Pipet 10 ml of the stock 
fluoride solutioru(reagent 
3) into the flaskTv 

3. Dilute with drilled water 
to the mark/ 

4. Mix thoroughly.. 



2a. Use a Wml vfchjmetric pipet. 

3a. Solution contains 0.01'mg F/1.0 ml (i.e. 10 



4a. Keep in plastic container. 

4b. Solution stable for ert .least 6 months. 



ppm), 



5. Label v 

1. Add approximately 50 ml of 
distilled water to a 100 ml 
volunetric flask. 

2. Pipet 10 ml of the fluoride 
solution (reagent 4) into 
the flask. 

3. Dilute with distilled water 
to the mark. 

4. Mix thoroughly. 

5. Label _ 

1. Weigh out 2.5 grams of ^ 
sodium ansenite. 

2. Transfer the solid to a 
500 ml Erlenmeyer flask. 



2a. Use a 10 mT volumetric pipet. 



3a. Solution contains 0.001 ing F" per 1.0 ml (i 
1.0 ppm F"). 

4a. Solution should be prepaVed fresh daily. 



la. A trip balance can be used. 

< 
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EFFLUENT MONITOR I Nfi PROCEDURE Determination of Fluoride Usl 



ng the SPADNS Method 



OPERATING PROCEDURE S 

6* Sodium Arsenlte 
(Na;As0 2 ) Solution 
(Continued) 



E. Calibration 

1. By use df a 
standard curve. 



STEP SEQUENCE 

3. Measure out 500 ml 
distilled water. 

4. Dissolve the sodium 
arsenlte In about half of 
the distilled water. 

5. Add the rest of the 500 ml 
portion. 



1. Turn on spectrophotometer 
and al low to warm up. 

2. Calibrate tne 
spectrophotometer. . 



e^pf 



3. Prepare a series of 
standard solutions using 
the lOmg F"/I1ter sodium 
fluoride solution (Reagent 



INFORMATION/OPERATING GOAL S/SPFflFirATTnMc 
3a. Use a gradutteT^lnder. 



'f? I 



la. Refer to manufacturer's manual for warm ud time 
However usually one-half hour AsJmJL 



-TRAINING 
GUIDE NOTES 



lam™?* 6 Carr ! ed out in two wa ^: ^ use of a'lVII f l 
klilJ ^ 0 "J rap 5 ? r by calculation- of Ihe un- 111 211 

$6ct on l°? EJ C ° V r the "Hbntlo! graph ,(P ' 21 } 
action E.2 covers tbe calculation. 



3a. 




2?»i" ? S ° f ? tandar ds should be prepared In 
50 ml volumetric flasks by pipetting with a 
graduated plpet the Indicted amount o> Reagent 

tVt^u^ l k V ? 1UTOtriC fl " k ™ dd " : "»' 
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OPERATING PROCEDURES 
i 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE HOTES 



E. Calibration 
(Continued) 



3b. The following table can be used to prepare a 
series of "standards containing from 0 to 1 4 
mg F /liter.- 



ml of Reagent D.4 


Cone, when diluted to 
50 ml . mg F"/Hter » 


• 0,00 ' 


0.00 


1.00 


0.20 


-2.00 


0.40 


,3.00 


0.60 


' 4:oo 


o;8o 


5.00 


.1.00 : 


6.Q0 


1.20 


7.00 


1.40 



4. Transfer the entire 50 ml of 
the standards just prepared 
Into 125 ml Erlenmeyer 
flasks. 

5. Add ID ml SPADNS Reagent 
(Reagent D.2.). 



6. Mix thoroughly* 



7. Determine the absorbance-.at 
570 nm. . 



4a. All eight standards can be prepared at the same 
time. 

/ " : 

> 

5a. Use a 10 ml volumetric plpet ^ 
5b. Caution: This volume 1s critical; take care to 
add exactly 10 ml. / 

6a. Unless mixed, the solution can layer giving false 
readings. , . 

7a. The manufaturer 's manual on operation of the 
spectrophotometer should be consulted for DroDer 
•Instrument operation. 



/II 

P-. 



f.E 



k) 



5b 



1.7a. 
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EFFLUENT HQNItORING PROCEDURE : Determination of Fluoride 



Using the SPADNS Method 



OPERATING PROCEDURES 


fe 

* % < STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


E. Calibration ( 
(Continued) 

e * * 

** 


i 

'8. Prepare a calibration 
curve. 

9. Analyze the sample 


*- 

j> 8a. Use the attached graph paper. # 
8b. Refer to: Effluent Monitoring Procedure: Prepara- 
tion of Calibration Graphs. ^ 

9a, Operating Procedure F. * 


' J ■ 

V E 1 ft 

JJf.E.1.8a 
(p. 19) y 


• 


10. Obtain concentration usinq 
the graph prepared here. 


N 




2. By Calculation 

i 


1. Turn on spectrophotometer 
4jid allow to warn) up. 

r ) 

„2. Adjust the wavelength' to 
570 nm. 


♦ * .- 

1 






3. Prepare two standards. 
A. P1pet 5l^ml of each sampje 

lu ue run in to a Series or 

125 ml Erlenmeyer flask9. 


3a, .Prepare as follows:. 0 mg F"/Hter (pipet 50 ml of 
distilled water into a 125 ml Erlenmeyer flask): 
1 mg FT/1 iter (pipet 50 ml of reagSnt D.5 into a . 
125 ml Erlenmeyev^lask). 

4a? t Label each flask with sample identification. 


) 


V 


5. RlpetJO ml of SPADNS 
Reagent. to alT flasks. 

6. Mix all thoroughly. 


5a. This includes both standards (including/0 mg 
F /l ) „and samples. / 

'• ■ • , / 




V 


7, With nothing 1n th^lnefer 

adjust the left side of the 
• absorbance scale to rfe<uf 
Us maximum, 

ff. Fill * sampje cell with 
0 )ng F"/Hter standard. 


7a, This 1s the maximum (marked as infinity »). 

\ 

* 

♦ 
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'OPERATING PROCEDURES 


. STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


2. By Calculation. 
(Continued) 

\ 

* 

* 


9. Place the cell in the cell 
compartment. 

10. Adjust the slit control so 
that a reading of 0.5 is 
obtained on the absorbance 
scale. 

11. Fill a sample cell with 

* 1.0 mg FVltter standard. 

12. Place in the cell 
compartment. 

13. Re^d^he absorbance value. 

14. Read all samples Without 
changing any adjustment 
controls. 

15. Calculate the concentration 
of the unknown. 


10a. This is to set the portion of the scale to be 
used. 

\ 

13a. This reading should read about 0.25 to 0.27. If 
this reading is not obtained the -make up of the 
reagent and standard used should be checked. 

13b. Use Operating Procedure F 
• 

15a. Use the equation: X = A o " A x 

A 0 " ^1 

a = concentration ot tne unknown Injng F /liter 

A Q = Absorbance reading of the 0 mgF"/l . 

This is set in step 10 at 0.5 
• 

a 

« 


VII. E. 2. 10a. 
(p. 22) 
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EFR.UENT MONITORING PBbGCDURF: Determination of Vluorlde Using the SPAONS Method 



OPERATING 'PROCEDUR ES 

2. By Calculation 
(Continued) 



F.. Procedure 



ERJC 



STEP SEQUENCE 




1. After calibration the 
samples are tested as 
follows. 



2. Add 50 ml of sample to a 
125 ml Erlenmeyer, flask. 

3. Add 10 ml SPADNS fteagent. 

4. Mix thoroughly. 



INFORMATION/OPERATING G0ALS/SPECIFI6AJIQNS 



15a 4 (continued) 

% A, * Absorbance' reading o 
(usually 0.25 tcrO.27) 



' / • 

f the 1.0 mg F"/l iter 



A x = Absorbance reading of the unknown. 

15b. Example: If tf»e sample absorbance value - 
obtained from the spectrophotometer was 0.32 



then 

y . 0.5-0.32 0.18 
" 0.5-0.25 = OB" 



X = 0;?2 mg F"/ liter 

i •' - 

If more than one sample. were run the only number 
^ tfiat would change would be the 0.32. A 
calculation must be performed for* each sample. 



la. If the calibration graph was used (E.I.), two 

standards should be used each time to verify that 
the calibration curve Is still valid. (A1.0 mg F" 
/liter and a 0.2, mg F'/Hter).' 

lb. If the calculation procedure was used, the 0 and 
-1.0 ppm standards must be run with each batch of 
samples run. ' 

2a. Use a 50 ml volumetric p+pet. 
3a. Use a 10 ml volumetrte plpet. 



3 



TRAINING 
GUIDE NOTES 
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OPE RAT I N6 PROCEDURES 



-STEP SEQUENCE - ' - 



I NFORMAT I ON/OPERAT I NG GOAL S/ SPE C I FI CAT I ONS 



TRAINING 
GUIDE NOTES 



F. Procedure (Continued) 



5. Read the absorbance value 
at 570 nm. 

6. Dilute sample H 
concentrati on 1s not be- 

" "tween 0.0 to 1 . 4 mg 
F"/Hter. 



6a. If the calibration graph is used, the absorbance 
value for a concentration of 1.4 mg F'/Hter has 
been ploted do not use absorbance values 
corresponding to values greater than 1.4 mg 
F7Hter, 

6b, If the calculation procedure is used, obtain the 
absorbance -value and calculate if the value 
calculated is above 1.4 mg F"/l iter dilute the 
saropTe. 



f V 

/ 



TRAINING GUIDE 



/ II 
III 
IV 
V* 
VI 

VII* 
VIII 
IX* 



/ 



/ 



TOPIC 
Introduction 
"Educational Concepts - Mathematics 
Educational Concepts - Science 
Educational Concepts - Communications 
Field and Laboratory Equipment 
Field and Laboratory Reagents 
Field and Laboratory Analysis 
Safety • 
Records and Reports 




♦Training Guide materials are presented under the heading marked *. These 
standardized headings afte used throughout this series of procedures. 



>ERIC 



/ Ell.A-17 



EFFLUENT H0NIT0RIN6 PROCEDURE : Determination df Fluoride Using the 
SPADNS Method 



INTRODUCTION 



Sectldn 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



B.2. 



The basis for the SPADNS procedure 1s the 
reaction between zlrconlus and the SPADNS dye 
(SPADNS 1s an abbreviation of sodium 2-(p-sulfo- 
phenylazo)-l ,8-d1 hydroxy 3.6-napthlene dlsulfonate) . 
The color of the reaction mixture (water sample plus- 
reagent) varies from very^deep red 1n the absence of 
fluoride to light red when the concentration of 
fluoride 1s high. The change 1n color caused by 
small changes 1n fluoride concentration 1s not 
dlscemable by eye, but earn be readily detected by a 
photometric Instrument. The better the Instrument, 
the better the sensitivity to small changes^of 
fluoride. 

Distillation 1s not required 1f comparability 
data on representative effluent samples are on file 
to show that this preliminary distillation step 1s 
not necessary. However, manual distillation will be 
required to resolve any controversies. 

For drinking water samples analysis to comply 
with requirements as listed 1n the National Interim 
Primary Drinking Hater Regulations (F. R. Part IV, 
12/24/75-para. 141. 23f ,10-pg59573), distillation 1s 
necessary. 4 

Distillation of the calibration standards 1s 
not necessary should sample require distillation. 
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EFFLUENT MONITORING PROCEDURE : .Determination* of Fluoride Using the 
" SPADNS Method - - ' 



FIELD AND LABORATORY EQUIPMENT 



Section "y 



TRAINING GUIDE A® 



REFERENCES/RESOURCES 



E.I. 7a 



E.I. 8 



Should the analyst be using a Bausch and Lomb 
Spectronlc H 20 H Spectrophtometer there 1s an EMP, 
"Use of a Spectrophotometer" avallbleT ItVould be 
of value to thd'analyst to consult this procedure. 

There 1s an EMP "Preparation of *Cal1br itlon 
Graphs" that' would be of va]ue ta.the stude/it. 



/ 



i 
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EFFLUENT MONITORING PROCEDURE : Determination of "Fluoride Using the 
' 'SPADNS Method 



FIELD ANfr-^RATORV ANALYSIS 



Section 



JUL 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



B.2.a 



ERIC 



Other 1ons, particularly phosphate, Iron and 
aluminum can cause significant errors* The table 
below gives some Indication of this error. Should 
any of these Interferences be present 1n the sample 
at concentrations that win cause error, the sample 
must be distilled* The numbers given sho*, the 
concentration 1n mg/Hter that will cause an error 
of plus or minus 0.1 mg/Hter at 1.0 mg F~/l. 



Substance 



Cone mg/ liter 



Type Error 



Alkalinity 
(CaC0 3 ) 

ATuminun 

(Ai ) . 

Chloride 
(CT) 



Hexameta phos pha te 
([NaP0 3 ] g ) 

Phosphate 

(P0 4 •) 

Sulfata 

(so 4 )^- 

Chlorine 



5OO0 
0.1* 
7000 
10 
1.0 
16 
200 



Fluoride Determination in 
Water, E.P.A., Training 
Manual NT0TC, Cincinnati, 
OH 45268. 



Color & 
Turbidity 



Must be completely 
Removed with Arsenlte 

Must be Removed or 
Compensated for. 



♦Above figure 
stand two 
tolerance 



ure 1s for Irarodi 
hours tolerance 1 
1s 30 mg/Ht*r, 



ied1ate reading. Allowed to 
s 3.0 mg/ liter, four hours 
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EFFLUENT MONITORING PROCEDURE: uetermination ot riuoride Using the 

SPADNS Method 




FIELD AND LABORATORY ANALYSIS 


% Section VII 




' TRAININ6 GUIDE NOTE 


REFERENCES/SOURCES 


B.2.a. 
. Continued 


The temperature of the samples and standards 
must oe une same before carrying out the test. 
Consequently 1f a difference 1n temperature exists, 
allow both to sit at roem temperature for.about one 
hour before proceeding with the test. 


v 




Analytical results obtained with the SPADNS 
reagent are limited to a range of 0 to 1.4 mg. F"/ 
liter. Samples which approach or exceed the limit of 
the range must be diluted. The dilution must be 
made before addition of reagent, since subsequent 
dilution will affect the concentration of dye," 
zirconium and add. 




E.I. 2a 


The first method to calibrate the spectrophoto- 
iwsuer to prepare a canDratiQn graph. Calibration 
graphs are commonly' used 1n absorbance measurements. 
In this type measurement energy 1s absorbed by some 
chemical constituent 1n the solution by means of a 
calibration graph. 

Two things must be done 1n order to prepare a 
calibration graph. A series of standards must be 
prepared. A standard ts a solution which contains 
a Known amount ot tne same chemical constituent 
which 1s being determined in the sample. Secondly, 
the absorbance of these standards must be measured. 


/ 

>* 


• 


This 1s done by carrying the standards through 
the test procedure and measuring the, amount of energy 
aosuruca. mis vaiue is graphed against the known 
concentration and a.Tlne drawn through the points 
produced. This Une is the calibration grapfr. 
When an unknown sample 1s run. Its absorbance value 
1s determined and using the calibration graph, Its 
concentration can be determined. 






The second method used 1n the SPADNS uses the 
fact that a straight Une will be formed between ,0 
and 1.4 mg F/I1ter. Then the equation for a straight 
lfne 1s used to calculate the unknown concentration 
after values for two standards have been run. 


% 


ERLC 


This 1s carried out as follows. Two standards 
are prepared, usually 0 and 1 ppm. These are used to 
set the Instrument, thus obtaining values for their 
absorption. These twt^knowns can be used to 
calculate the unknown by the equation. Both methods 
are shown In the EMP. ** 

* - *7 /-> -4 

t 

I 


\ * 
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EFFLUENT MONITORING PROCEDURE: 



Determination of fluoride Using the 
.SPADNS Method " 



FIELD AND LABORATORY .ANALYSIS 



Section vil 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



E.I. 5b 



E. 2.10a 



The addition of the highly colored SPADNS~ 
reagent must be done with utmost accuracy because 
the fluoride concentration 1s measured as a 
difference of absorbance 1n the standard and the 
sample. A small error 1n reagent addition 1s the 
most prominent source of error 1n this. test after 
the Interferences. 



Methods* for Chemical. 
Analysis of Water and 
Wastes'1974, E.P.A. 
Environmental Monitoring 
and Support Laboratory 
Cincinnati, OH 45268. 



The absorbance scale 1s logarithmic. This 
means that the distance b#ttoeen nwnbers varids. The 
meter distance between nwnbers 1s largef on the right 
side of the meter while the distance between numbers 
1s small on the left side* For example the distance 
between 0 and 0,5 1s over half the scale while from 
1 to 2 1s less than a quarter of the total cWstancr. 
^ • r 

, Consequently the right side of the scalfe can 
be read with a much higher degree of sens1t1\rUjr and 
accuracy • * 

The ratio of fluoride concentration and absorb- 
ance 1s Inverse, that 1s the higher the fluoride 
concentration the lower the reading and the lower 
the fluoride concentration the higher the reading., 
Thus by setting the lowest concentration of fluoride 
possible, I.e. 9 0 mg F"/I1ter, at 0.5 absorbance 
units this trypans that no reading can go higher. 
This restricts all readings to the most N sens1t1 ve 
section of the scale. 



.r 



33 



\ 



E£1£eii.a-^ 



TYPICAL LABORATORY DATA SHEET 



Section IX 



Sample Collection : 
1. Name of Plant: 



2. Sampling Location: 



3t Type of Sample: 

4.. Date. and Time Collected: 



5. Sample Collector; 



Sample Analysis : 

1. Name of Laboratory: 



. / 

2. Date and Time effected*; 
3.. Sample Designation; - ' 
4. Method Used: 



5. JWas Sample Distilled: ' 

6. Concentration off" Determined (1n mg/liter) 



• V 



■v 




-A 



r 



9 

:RLC 
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A PROTOTYPE FOR DEVELOPMENT OF 
> ROUTINE OPERATIONAL PROCEDURES 

• ♦ 

, • for the 

DETERMINATION OF fLUORlDE IN POTABLE .AND WASTEWATERS 
USING A SELECTIVE ION ELECTRODE 



J 



as applied 1n > # 
WATER TREATMENT. FACILITIES 
WASTE WATER TREATMENT FACILITIES 

i 

and 1n the 
MONITORING OF EFFLUENT WASTEWATERS 



National Training and Operational Technology Center 
i Office of Water Program Operations 
U.S. Environmental Protection Agency 
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EFFLUENT MONITORING PROCEDURE: Determination of Fluoride 1n Potable and 

Waste "Waters Using a Selective Ion Electrode 



This operational procedure was developed by: 
NAME - John D. Pfaff - 



I 



ADDRESS " USEPA, QWPO, Nat1$naT"Tr*+fTfng and Operational Technology Center 
Cincinnati, Ohio 45268 • 

POSITION Chemist - Instructor 

EDUCATION AND TECHNICAL BACKGROUND 

B.A. Chemistry ^ 

\3 years Research Chemist 

H years DHEW, ECA, EPA - Chemist 





EFFLUENT MONITORS PROCEDURE: Determl nation of Fluoride 1n Potable 

and Waste Waters Using * Selective Ion Electrode 

1. Analysis Objectives: . * 

The )earner will determine the fluoride content of a water or wastewater ' 
sample using a selective 1on (fluoride) electrode. 



r 



2. Brief Description of Analysis: ' 

The pH of the samole 1s adjusted to between 5 and^5.5 by use of 
" buffer 'solution. Then the electrodes are immersed ^n the solution and 
the fluoride content determined using the meter. If an exoanded scale 
pH meter 1s used the concentration Isfread from a standard curve. If a 
specific ion meter is used the concentration can be read directly from the 
face of the meter. Other acceptable methods not covered in this outline 
are^the SPADNS and automated complexone procedures. 

3. Applicability of this procedure: \ 

a. Range of Concentration: 

1 from 0.1 to 100O mg/1 ' - 

Information" 1s given- so the "same stepwise procedure can be used for 
fluoride concentrations up>to 1000 mg/Hter. 

, b . PretreatmenX of feampl es : 

"Iffstillatfon 1s not necessary for potable water samples. However, 
, the guidelines for NPDES- orocedures specify distillation of waste 

water samples must be. carried out. (See training guide note VII.B..1 .la.) . 

The distillation procedure 1s not Included. but 1s covered in another EMP 

on Fluor1de,.D1st1llat1on. 

« A t 

c. Treatment of Interferences in Samples: 

Interferences are few when the buffer is used with the electrode. 

The polyvalent cattons of s1 +4 , fe +3 , al +3 , interfere but can be 
tolerated up to 5.0 mg/1 with use of the buffer. Extremes of pH 
can cause problems but adjustment of pH with .the buffer negates 
this problem, t 

• Add1t1onarinformat1on is given in the training guide note VII. E. 4. 



♦Source of Procedure: Methods of Chemical Analysis of Water and Wastes, 1974, 
Environmental Protection Agency, Environmental Monitoring and Sunport Laboratory, 
Cincinnati, Ohio 45268, D.65. 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable and 

Waste Waters Using a Selective Ion* Electrode 

Equipment and Supply Requirements 

A. Capital Equipment: 

1. Expanded scale pH meter or selective ion m^jter 

Examples: Beckman: Expandomatic Model 76007 . .. 

' Coleman: Model 37A . 

Corning: Model 12 ** 

Fisher Accumet Model 320 

Leeds'* Northrup Model ,7405 - A. 2. 

Orion Model 407A -portable 

Hach pH/Fluoride meter No. 12330 

No. 12320 - portable 

. 2. Sleeve- type reference electrode 

Examples: Beckman f No. 40463 

Colemlq: No. 3-721 

Corning: No. 476012 

-Fisher: No. 13-639-62 

Orion: No* 90-01 



3. Fluoride. Electrode 

Example: Beckman: 39600 
Coleman: 3-803 
Corning: 476042 . 
Orion: 94-09 
Orion: 96-09 
Hach:, ' 13034-00 

4. Trip balance, 500 gram capacity. 

5. Magnetic stirer and teflon covered stir bar, about 2.5 cm long. 

6. Water still or other source of distilled, water. * 
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EFFLUENT MONITORING PROCEDURE: 



B. Reusable Supplies: 



Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 



1. One stop watch, clock or witch (with second hand). r> 

2. One. thermometer, glass 0 to 100°C • - ' 

3. One elastic squeeze bottle 

4. One stirring rod, glass abdut'10 inches lonq. 
•5. One pair, safety glasses 

'6. One powder funnel, glass about 3 inch diameter . 

7. One laboratory apron' • 

8. Five weighing boats, pjastic' (2-3 inches square). 

9. One note bqpj} (for recording data) 
10.. One pen or pencil 

11. One Flask volumetric 1000 ml volume, 

12. Two Flask volumetric 100 ml volume 

13. T6n Flasks 50 ml volume (for use with pH meter only) 

14. One Cylinder graduated 500, ml volume 

15. .One Cylinder graduated 100 ml volume 

16. Seven Pi pet volumetric 10 ml 

17. Two Pi pet graduated 10 ml 

18. Four Beakers, plastic TOO ml volume 

19. One Pipet Bulb •« 

20. One spatula 

The following will be. needed in *addi*tJon to the above only if the buffer is 
prepared rather than purchased'. 

21. One Erlenmeyer flask, 500<ml volume „ 
22*. One, Beaker, 1000 ml volume 

23. One Flask volumetric^ 1000 ml volume 

24. One pfr electrode 

C. tonsunable Supplies: 

1. a. Sodium Fluoride -NaF Reagent'grade powder - 4 oz.or 
b. Sodium Fluoride Stock Solution - 

Orion Research I«c. 380 Putnam Ave. Cambridge, Mass 02139, Cat. No. 
94-06-07 , * 

,Nach Chgrrfcal Co'. P.Q. Box 907 Ames Iowa-, 50010, Cat,. No 232-1 1 

2, <Adjuktment buffer • * 

a. Total Ionic Strength Adjustment Buffer (TISAB) 

Orion Research Inc. 1 ' 380 Putnam Ave* Cambridge, Mass. 02139 Cat. No 
94-09-09 < 

b. Fluoride Adjustment Buffer, Formula - 2589 

Hach Chemical Co. P.O. Bbx 907 Ames Iowa, 50010 Powder - Cat. No. 

2589.01 
Pillows - Cat. No. 
* 2589-99 ' 
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EFFLUENT MONITORING PROCEDURE: Determine ow'of FJuoMde 1n Potable and 

Haste Haters Using a Selective Ion Electrode 

» 

C. Consumable Supplies (Continued): 

3. The following are needed 1f the. adjustment buffer 1s orepared instead 
- of "purchased. 

a. Acetic Add, Glacial, CH 3 C0OH. Reaqent qrade - 1 pt 

b. CDTA* (1,2. cyclonexylene dlnitrilotetraacetlc add) 25 q 

Mathesorr, Cpleman & Bell Cat. No. CX - 2390 

c. Sodium Chloride, NaCl , Reagent arade - 1 oound 

d. Sodium Hydroxide, NaOH, Reagen^jrade - 1 oound * 



*Also listed as 1 ,2 cyclonexylene diaminetetraacetic acid Baker Cat. .No. G083. 
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Potable Water 



Waste Water 



Distill 




SPADNS 
Colorlmetrk 'Method 
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SPADfJS 

Colorimetrlc 
Method 



Distill 



r 



Electrode 
Method 




Automated 

Complexone 
Method 
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EFFLUENT MONITORING PROCEDURE : Determination of Fluoride 1n Potable and Waste Hater 

- Using a Selective Ion Electrode 



1 5 — 

OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. Sample Collection 



1. Collect a minimum of 300 
ml in a plastic or hard 
glass container. 



la. Polyethylene bottle are preferred 

Glass bottles are satlsfactorj^provided they have 
not previously contained high-fluoride solutions. 

lb. No special requirements are necessary for 
preservation. 

lc. Chlorine cjpes not interfere so no precautions are 
necessary. j 



B. Sample pretreatment 



J. Distill sample 



la. 
lb. 
lc. 



Distill wastewater sample for total <or total 
dissolved fluoride. 

Use the EMP covering the distillation procedure 

ftfr Fluoride, 4 

Distillation is not required for drinking water 

samples. 



C. Equipment Preparation 
1. Glassware 



2. Electrometer 
(pH meter or 
selective ion meter! 



1. Clean all glassware and 
plastic beakers in 
detergent. 

2. Rinse with distilled. water 
1 Check meter zero. 

2. Check power supply. 



3. Chedk connection of 
electrodes to meter. 

\ 



J 
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la t . Most instruments have a mechanical screw 

adjustment to center the pointer of the meter face 
Check correct connection to voltage source for 
line operated meters. Check batteries on all 
portabl/e and some line operated models. See* 
Instrument manual for directions. 
There should be two connecting pins that attach * 
to the meter". The longer one from the measuring 
electrode, is the fluoride electrode, and the 
smaller one is f rom ^the reference electrode. 



2a 



3a 
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' Waste Waters Using a Selective Ion Electrode 
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•OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


3. Reference Electrode 


I 

1. Check Internal filling 
^solution. 


3b. Some connections are spring loaded and must be 
held 1n the socket until clamped with a screw. 

3c. Combination electrodes are two electrodes placed 
one Inside the other. This electrode will still 
- have two connecting pins. 

la. Before uslnq the reference electrode make sure the 
Internal filling solution h*s been added. This , 
solution 1s provided with the electrode and must 
be used. 

lb. Fill about half the electrode with the solution. 


* 


0. Reagent Preparation 

1. Distilled ,Water 1 

2. Sodium Hydroxide 
NaOH, <5N 

- (for. use* in 
preparation of 
^ ' buffer) 

• 

3. Byffer SolLtion 
(preparation 

. optional -4 tan 
be purchased) 


1 . Prepare about six (6) 
liters of distilled water. 
This water must be free 
from fluoride. 

1 . Weigh out 40 grams of 
sodium hydroxide (NaOH) 

2. Dissolve the sodium 
hydroxide 1n 200 ml of 

•water 1n a 500 ml 
. Erlenmeyer flask. 

1. Add approximately 500 ml 
of distilled water to a 
1 liter beaker . 

- 330 


la. Use a still or .pass tap water through an Ion- 
exchange column Containing a strongly addle 
cation exchange rfesln mixed with a strongly 
basic anion exchange resin, 

la^ Use a trip balance. 

lb. Put sodium hydroxide 1n a plastic weighing boat 
for weighing. 

2a. Use a graduated cylinder to measure the 200 ml of 
water. 

2b. Caution: h.eat given off/ 

la. This solution can be purchased already prepared.. 
, Sources are listed in the front of the EMP. 

4 ■ ' 





EFFLUENT MONITORING PRQCEDURF : 



Determination of Fluoride In Potable and 
Waste Waters Using a, Selective Ion Electrode 




Reagent Preparation 

3. Buffer Solution 
(Continued) . 



35* 




2. Add 57 ml of glacial 
. acetic acid, j 



3. Weigh-out 58 grams of 
sodium chloride (NaCI). 



4. Add sodium chloride 
. (NaCl) to the 1 liter 
beaker. 



Welgh/kt 4 grams of CDTA. 



6. Add CDtA to the 1 liter 
beaker. \ 

7. Sti£ to dissolve* - • 

8. Place beaker in a cool 
water' bath. 

9. Jittertrcalibrated.pH 

. electrode into solution. 



2a. Use a graduated cylinder. 

2b. Caution: Use in a well ventilated area. 
2c. Use safety glasses.. 



3a. Use a trip balance. 

3b.* Put sodium chloride in a plastic Weighing boat 
for weighing. 

3c. For work with brines additional NaCl should be 
added to raise Jthe chloride level to twice the 
highest expected level of chloride in the sample 

4a. That is the same beaker to~wfr*eti the\lac1al 
arcetic acid has been added. m 



5a. The E.P.A. Methods Manual 1974, calls for 2 grams 
however, STD Methods 14th and the Orion manual - 
both call for 4 grams. , * 

Use trip balance. 

Put CDTA in a pJastic weighing boat for wefghing. 
CDTA --1,2 cycttohexylene diamine^traacetic 
acttt. 1 ✓ % \j 



5b. 
5c. 
5d. 



8a. Cool to room temperature. 



9a. The same meter that will be used for thfc fluoride 
measurement can be used for this.N^ f 

9b. Consult EMP on pH measurement 7 



v. 
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EFFLUENT MONITORING PROCEDURE : Dete/mi nation of Fluoride 1n Potable and E11.B-12 
- Waste-Waters Using a Selective Ion Electrode 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D. Reagent -Preparation 

3. Buffer Solution 
(Continued) 



Sodium Fluoride 
(NaF) stock 
solution 100 mg 
F"/Hter 



ERiC 



10. Add 5N Sodium hydroxide 
(Reagent 02) (NaOH) to the 
solution "until meter reads 
, *6.0 to 5.5 pH. 



11. Allow solution to reach 
' room temperature. 

12. Transfer solution to a 1 
liter vol^trlc flask. 

13. Dilute to volume and mix 
thoroughly. 

1. Weigh out 0.2210 grams of 
sodium fluoride. 



2. Add about 500 ml of 
distilled water to a 1 , 
liter volumetric flask. 

3. Transfer the solid to the 
1 J Iter volumetric flask 
using a powder funnel. 

4. -Use wash bottle to wash 

the solid Into flask. 

5. Dissolve the solid. 

6. Dilute to volume and mix 
thoroughly. . 



, 354 



10a. Reagent 2. 

10b. About 150 ml will be needed. 

10c. Use a 100 ml graduated cylinder to add the sodium 
hydroxide until the pH nears 5.0. Then add from 
a plpet dropwlse until the range of 5.0 to '5.5 
1s reached. 



12a. Use wash bottle and rinse beaker with small 
amounts of distilled water, transferring this 
wash water to the volumetric flask. 



la. Use analytical' balance. 

lb. Use plastic weighing boat. 

lc. Solution can be purchased from Orion Research 

Inc., Cat NO. 9$-06-07 or Hach Chemical Co., Cat. 

No. 232-11 



2a. Approximately H full 



4a. The weiging B&at shouTfcl be washed three times 
and the washings added to the flask. 



6a.. Solution contaTfTs 0.1 mg f~ per 1.0 ml 
(i.e. 100 ppm F~) 
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EFFLUENT MONITORING PROCEDURE : Determination of Fluoride' in Potable and 
™~ ————— — — — — — Waste Waters Using a Selective Ion Electrode 



OPERATING PROCEDURES 



STEP SEQUENCE 

t 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D. Reagent Preparation 

4. Sodium Fluoride 
(NaF) stock 
solution 100 mg 
F"/ liter 
(Continued) 

5. Sodium Fluoride 
(NaF) Solution 
10 mg F"/liter 



6. Sodium Fluoride 
(NaF) solution 
1.0 mg F"/l iter 



6b. Keep in plastic. Stable for 6 months. 



7. Label container. 



Add approximately 50 ml 
distilled water to 100 ml 
volumetric flask. 

Pipet 10 ml of the (NaF) 
stock ? solution (reagent 
C.4.) Into the flask. 

Dilute with distilled water 
to the mark. 

Mix thoroughly. 

Add approximately 50 ml of 
distilled water to a 100 
ml volumetric flask. 

Pipet 10 ml of reagent 5 
(10 mg F"/l) liter Into 
the flask. 



2a. Use a 10 ml volumetric pipet. 



3a. Solutftn contains 0.01 mg F" per ] q m ] j e ^ 
ppra. Label solution. 



to 



Dilute with distilled 
water to the mark. 



3 

4. Mix Thoroughly. 



2a. Use a 10 ml volumetric pipet. 



3a. Solution contains 0.001 mg F" per 1 % 0 ml I.e., 
1 .0 ppm. . 0 

4a. Label 



E. Meter and Electrode 
Check 



1. Turn on Meter 
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EFFLUENT MONITORING PROCEDURF : Determination of Fluoride in Potable and 
— — — ^ Waste Waters Using a Selective Ion Electrcfde 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFKATIONS 



TRAINING 
GUIDE NOTES 



E. Meter and Electrode 
Check (Continued) 



2. Allow to warm up. 

3. P1pet 10 ml of Reagent 6 
into a 100 ml plastic 
beaker. 

4. Add 10 ml of buffer I.e., 
Reagent 3. 



5. Place a stirring bar Into 
the beaker. 

6. Place beaker on stir plate 

7. Lower electrode or 
electrodes into solution. 



8. Turn on stir plate. 



9. Turn meter on to a 

millivolt reading position 



2a. If battery powered, n o warm up necessary. 

3a. Use a 10 ml Volumetric plpet. { 



4a. Use a 10 ml volumetric plpet. 
4b. Any volume of sample or standard and buffer can 

be used, provided equal volumes are used. For 

exagaple 10 ml of sample plus 10 ml of buffer. 
4c. Use of powdered buffer (Hach Co.) eliminates the 

dilution of sample or standard and therefore 

eliminates possible error. 
4d. Volume should be sufficient to cover the electrode 

or electrodes to 9 depth of about 1 inch. 



VII. E. 4 
VII. E. 4b 
(pp. 27 
& 28) 



7a. Care should be taken that the stirring bar does 

not -hit the electrode. 
7b. Before using the reference electrode make sure 

the Internal filling solution has been added. 

This solution 1s provided with the electrode and 

must be used. Fill about half the electrode with 

the solution. 

8a. For best results stirring should be at a r.ate 

that will not cause a vortex. 
8b. Insulate w1th| cardboard or styrofoam between 
sample and stir plate to reduce possibility of 
sample temperature change. Not so thick as to 
stop the stirrer. 

v 9a. The meter should be used in the expanded scale 
mode. 



V.E.7. 
(p. 26) 



EFFLUENT MONITORING PROCEDURE Determination of Fluoride in Potable and 

Waste Waters Using ^ Selective Ion Electrode 



OPERATING PROCEDURES 

E. Meter and Electrode 
Check (Continued) 



3o» 



ERLC 



STEP SEQUENCE 

10. Record reading in 
millivolts. 



11. Turn meter to standby, 
position jw\off position, 



12. Raise 
soluti 




des from 



13. Rins& efe*trodes with 
dlstnifed water. 

14. Blot dr) with soft tissue. 

15. Pipet 10 ml of Reagent 5 
into a clean 100 ml plastic 
beaker. 

16. -Add 10 ml buffer. 



17. Place a stirring bar into 
the beaker. 

18. Place beaker on stir 
plate. 

19. Lower electrodes into 
solution, s 

f 

20. Turn meter on at a 
mill ivolt reading position.' 



INFORMATION/OPERATING GOALS/SPECIFICATIO NS 

10a. The electrodes must remain in the solution for at 
least three minutes or until the reading has 
stabilized. At concentrations under 0.5 mg 
F /liter it may require as long as five minutes 
to reach a stable meter reading. Higher 
concentrations stabilize more quickly.— 

11a. Depends on type meter being used. 



15a. Use a 10 ml volumetric pipet. 



16a. Use a 10 ml volumetric pipet. 

16b. Samples and standards should be at the same 
temperature. A 1°C difference in^temperaturfe * 
will give rise to about a 2 % error. 

i 



19a. Care should be taken that the stir bar does not 
hit the electrode. 



TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURE: 



Determination of Fluoride In Potable and 
Haste Haters Using a Selective Ion Electrode* 
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OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMATJ ON/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



Meter and Electrode 

Check (Continued) 



21. After 3 minutes record the 
reading 1n mill ivolts. 

22. Determine the difference 
between the first and 
second millivolt reading. 



21a. Or urftll the meter stabilizes. 



22a. 



22b. 



Correct electrode operation is indicated by a 
difference of about 58 millivolts, assuming the 
solution temperature is between 20 C and 25 C. 
If. the change is not within +2 millivolts, 
consult the electrode manual. 



III. E. 22 
(p. 25) 



F. Calibration 

1 . Using a pH meter 



1. Turn on meter and allow to N 
warm up. 

2. Prepare a series of 
standards using Reagent 5. 



2a. The following table can be used to prepare a 
series containing from 0 to 2.0 mg Oliter by 
diluting appropriate volumes to 50 ml. 



ml of ReageafcJ*^ 



0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
10.00 



2b. Use a 10 ml graduated pipet. 



Cone, when diluted to 
50 ml in mg F"/Hter 



0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
2.00 



Pipet 10 ml of- a standard 
into a 100 ml plastic 
beaker. 



3a. Any wlume can be used provided equal amounts of 
sample or standard and buffer are used. 



EFFLUENT MONITORING PROCEDURF: 



Deterrafnation of Fluoride in Potable and. 
Waste Waters Using a Selective Ion Electrode 



OPERATING PROCEDURES 



STEP SEQUENCE 



It<FORMATION/OPERAtti«G GOALS/SPECIFICATIONS 



TRAINING ■ 
GUIDE NOTES 



F. Calibration 

1. Using a pH meter 
(Continued) 



ERIC 



2. Using a selective 
k lew VQw 



4. Add 10 ml of buffer. 

5. Add a stir bar to the 
beaker. 

6. Lower the electrodes into 
the beaker. 

7. Turn on stir plate. 



8. Turn on meter. 

9. Allow meter to stabilize. 

10. Record millivolt reading. 

11. Turn meter to off or 
standby position. 

12. Raise electrodes. 

13. Rinse the electrons. 

14. Blot dry. 

15. Repeat steps 3-13 for each 
standard. 

16. Prepares standard curve. 

1. Pipet 10 ml of Reagent 6 
Into a 100 ml pl«£1c 
beaker. 



3b. Use a 10 ml volumetvic pipet. 
4a. Use\a^ljk^^ pipej. 



7a. Do not allow stir bar to hit electrode. • 
7b. Stir at a rate that will not cause a vortex. 

8a. Use expanded mode. 

8b. Use millivolt mode. > 

9a. About 3 minutes. 



11a. Always go to either position, depending orr meter, 
^before raising the electrodes from the solution. 



13a. With distilled water. " ^ 

14a. With soft tissue. 

15a. Repeat for each standard until all are run, 
recording the millivolt reading. 

16a. PI of on two cycle semilog paper^ 

la. Use a 10 ml volumetric pipet. 
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EFFLUENT MONITORING PROCEDURE : 



Determination of Fluoride in Potatle and E11.B : 18 

Waste Waters Using a Selective Ion Electrode *. 



OPERATING PROCEDURES 



- F. Calibration 

rising a selective 
Tori Meter 
w (Continued) 



% 

\ 



STEP* SEQUENCE 



.2. Pjpet. 16 ml of buffer into 
the beaker. 

3. Place a s\lrrttig bar into 
- the beaker. 

4. Place beaker on stir plate 

5. Lower electrodes into. ' 
beaker. 

6. >Turti on stir plate. 

7. Turn meter to the mono- 
valent anion position. * 

8. Usirig the calibration con- 
trol adjust the meter to 
read at center scale. 

£. Turn meter to off. 

10. Raise the electrodgs. 

1 ; 1. ftinse electrons;, with 
di-stilted water. 



12. Blot dry with soft tissue 

13. Pipet 10-jflT' of R£a<gent 5' 
into a clekh plastic 100 



better. , 



m 



INFORMATION/OPERATING GOALS/SPEOjFICATIONS 

lb. Any volume can be used provided equal amounts of 
sample br standard and buffer are used. . 

2a. Use a 10 ml volumetric pipet.. 



TRAINING 
GUIDE NOTES 



5a. Do not allow stir bar to h^t electrode— 

6a. Stir it a rate that will not cause vortex. 

7a l . This may be mark*! as X" or F*. 
7b. Allow three rairtutes before reading. 

8a.. Use the lbgrithmic scale on the meter. , 
8b. This adjustment makes the inst^tuent read a 

concentration of 1,0 mg F~/Jiter at center scale. 



VII. F. 2. 8a. 
29) 



0 



13a. Use a 10 ml volumetric *pi pet. 
13b. This solution will be a 10 mg F~/lfter. standard. 



EFFLUENT MONITORING PROCEDURF : 



Determination of Fluoride in Potable and 
Waste Waters Using a Selective'Ion Electrode 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT ION/OPE RAT I NG GOAL S/ SPEC I F I CAT I ON S 



TRAINING 
GUIDE NOTES 



F. Calibration 

2. Using a selective 
Ion Meter 
( Continued) 



ERIC 



14. 
15. 

16. 

c 

17. 
)6. 

19. 
20. 



Add 10 ml of buffer. 

Place r bar Into 
beaker \ 



14a. Use a 10 ml volumetrlc'plpet. 



Place neater onto stir . 
plate. x 

Loner electrodes Into 
solution. * 
/ 

Turn meter to monovalent 
anion position.* 

Allow to stir f6r three 
minutes. 

Use Temfferature 
compensator to adjust 
meter needle- to --the last 
number on far right of loc 
scale.. 



17a. Do not allow stir bar to hit electrodes. 



19a. Or until meter stabilizes, 



20^. The temperature of all samples and standards 

\should be the'same.* If simple is not the same 
- - temperature-allow to stand at room temperature 
for about one hour. 

20b. This adjustment makes the meter read a con- 
centration of 10.0 mg F7/lUer at far right 
scale. \ 

20c. The entire 'scale now can be used to read directly, 
concentrations from 0,1 mg F"/liter to 
10jp mg F"/liter. 

20d. This calibration should be checked about every 
1 to 2 4>ours by repeating procedure F 6 2. If the 
temperature changes, recalibrate more often. 

20e. The log scale may be located at various positions 
on the meW face. Consult the manufacturers 
manual to point out- which to use if in doubt. * 
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Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



F. Calibration 
4 

2. Using a selective 
Ion Meter 
(Continued) 



G. Procedure- 



9 

ERIC 



21. Turn meter off. 

22. Raise electrodes. 

23. Rinse electrodes with 
distilled water. 

24. Blot dry with soft tissue 



1. After the cal ibration* of 
the meter has been com- 
pleted, test all samples 
by doing the following. 

2. Turn on meter for warm up. 

3. Pipet 10 ml of sample into 
a clean plastic 100 ml 
beaker. 

4. Add 10 ml of buffer. 
5-. Place stir bar into beaker. 

6. Place. beaker on stir plate. 

7. Lower electrode. 

8. Turn on stir plate. 

9. Adjust styr plate to a 
rate that will not form 
vortex. 

10. Turn on meter. 

3n) 



2a. If necessary. / 

3a. Any volume cah be used provided equaT^pwunfxs of 

sample, or standard and buffer are usefl. * 

3b. Use a 10 fl volumetric pipet. 

4a. Or same volume as used for sample. 



8a. Do pot allow stir bar to hit electrode 



10a. To monovalent anion position. 
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EFFLUENT MONITORING PROCEDURF: 



Determination of Fluoride 1n Potable and 
Waste Waters Using a Selective ton Electrode 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



Training 
guide notes 



G. Procedure 
(Continued) 



11. Stir for three minutes, or 
until meter stabilizes. 

12. Read value. 



\ 



12a. For pH meters read at millivolt scale and use 
millivolt vs concentration curve to determine 
F" concentration 1n sample. 

12b. For selective ion meter read concentration 
directly from logarithmic scale. 



13. Turn meter off. 



14. Raise electrodes. 



15. Rinse and dry electrodes. 



H. Storage 

1. Reference 
V Electrode 



2. Fluoride 
Electrode 



2. 



Store in the 1 .0 mg F / 
liter standardizing 
solution or distilled watei 
if the el^trode 1s to be 
used 1n ^^brt time or 
next day. 

Clean thoroughly and store 
dry 1f storing for long * 
period of time. 

Store in air or 1n a 
standardizing solution. 



la. If using separate electrodes, i.e. reference 
and fluoride* this section applies to the 
reference only. If a combination electrode-u 
being used the precautions for the reference 
electrode section should be used. 



2a. Before reuse add internal filling solution. 



la. Nonspecific storage precautions necessary. 



I. Calculations 
«V,^>H meter 



ERLC 



1 . Use the constructed 
standard curve. 



la.* When the reading of mill ivolts is obtained use 
this value to convert to concentration in 



3 72 



mg r liter. 
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s OPERATING PROCnJjRES 


STEP SEQUENCE fc 


I NFORMAT I ON/OPERAT I NG GOALS/ SPECIFICATIONS. 


TRAINING 
GUIDE NOTES 


I. Calculations 








1. pH meter / 
(Continueoj 




lb. Using the graph paper attached. « Look at the 
bottom of the graph and find the millivolt, 
reading for the sample> Move upward^ntil the 
m curve is contacted then move horizontally left 
until the edge of the paper is reacted. Read 
this intersection in mg F"/ liter. 

'lc. If additional instruction on the use of a 
calibration graph is needed, consult the EMP, 
Preparation of Calibration Graphs. 


* 


2. Specific Ion 
Meters 


1. Read concentration scale 
(logarithmic directly to 
obtain sample mg F /liter. 

* 


la. All data reported *in mg F~/liter. 

~* 
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TRAINING GUIDE 



lUR 


TOPTf 


1 


1 1 1 iruuut w 1 un 


II 
i i 


Fducafcifinal Concents - Mathematics 


III* 
ill 


Fdufatinnal Ponrpn'tc - ^ri^nrp 


IV 
i * 


Fduea'fci final Cflncpn'fcs - rnmmuni rations 


f 


Fi^ld A 1 ahnrafcArv FnuinniPnfc V 


VI 


Field & Laboratory Reagents 


VII* 


Field & Laboratory Analysis 


VIII 


Safety 


IX* 


- Records & Reports 



♦Training guide materials are presented here under the headings marked 
These standardized headings are used through this series of procedures 
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EFFLUENT MONITORING PROCEDURE: 



Determination of FluorldeHn Potable and / 
Waste Waters Using a Selective Ion Electrode 



INTRODUCTION 



Section I * 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



• 

ERIC 



The b a s i s for thiihnethod is in the fluoride 
electrode Itself.. Most electrodes contain a 
fluoride solution; at the tip of the electrode is a 
crystal doped witj^fluoride ions. The crystal acts 
as an ion-exchange membrane, so that when the 
fluoride concentration outside of the electrode is 
higher than that inside, ions move toward .the inside 
setting up a voltage potential proportional to the 
difference in fluoride concentration. Conversely 
when the fluoride concentration on the. outside is- 
lower than that on the inside, a proportional 
potential of opposite sign is set up. In most 
fluoride electrodes, the internal solution is about 
llT J molar in fluoride, so concentrations below 
19 mg F /liter result in positive voltage readings. 
Some electrodes contain no internal solution, but the 
principle of operation is similar. However, in the 
sol 1(f electrodes the potential developed by a 
particular fluoride solution is independent of a 
filling solution but rather depends entirely on th$ 
characteristic? of the particular crystal used in the 
electrode manufacture. 
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EFFLUENT M0NIT0RIN6 PROCEDURE: 



Determination of Fluoride jn Potable and 
Waste Waters * Using a Selective Ion Electrode 



Educational Concepts - Science 



Section jjj 



E.22 
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TRAINING GUIDE NOTE 



Theory of operation of a fluoYide electrode predicts 
a behavior that 1s expressed by the Nernst equation. 
Consequently the difference 1n millivolt readings 
between two concentrations of fluoride that differ 
by a factor of ten should be between 55 and 60 
mill i volts. 

If one knows concentration, of fluoride, for example 
1 mg/liter, is expressed on a meter in millivolts am 
then a second concentration differing by a factor of 
ten, for example ID mg/liter, is expressed on the 
same meter 1n millivolts, the difference between 
these millivolt values will be about 58 millivolts. 

This fact can be used to check on whether the system 
is operating properly. How this is carried out will 
depend on the type of meter and electrode being used 



3 7 J 



REFERENCES/RESOURCES 



• E1J.B-23. 
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EFFLUENT MONITORING PROCEDURE : 



Determination of Fluoride 1n Potable and 
Wastewaters Using, a Selective Ion Electrode 



Field & Laboratory Equipment 



bi- 



section 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



E.7 



The fluoride electrode must be used in conjunction 
with a standard single function sleeve-type 
reference electrode. If smaller volumes of sample 
are to be run for convenience sake,' a combination 
electrode is available. This appears to be a single 
electrode/ However, in actaality, it is two 
electrpdes, one inside the other. This allows the 
electrode to be inserted into smaller diameter 
containers: and alsdfmakes for easier use. 



\ 
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EFFLUENT MONITORING PROCEDURE : 



Determination of Fluoride in Potable and 
Waste HfateVs Using a Selective Ion Electrode 



Field & Laboratory Analysis 



Section vil 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



B.l.la. 



E. 4. 



ERIC 



For potable waters to comply with requirements as 
listed in thfe National Interim Primary Drinking 
Water Regulations (F.R. Part IV, - ,12/24/75-110 - pg 
69573), distillation is not necessary. 



However, for surface and'saline waters or domestic 
and industrial wastes to conjply with NPDES 
requirements distillation if necessary unless 
sufficient data exists to prove that distillation is 
not necessary. Manual distillation will be required 
to resolve any controversy. ' 



Interferences connected^!' th the electrode dan be 
listed as being: 

a) PH 

b) temperature 

c) other ions , 

d) total ionic strength 

In acid solutions below pH 5, hydrogfen can complex 
fluoride by forming the undissociated acid . 
hydrofluferfc HF. This will not allow the electrode 
to sense the fluoride concentration, thus tied up. 
Hydroxide ion can also interfere when concentration 
of this' itfh are about 10" 7 Molar. Addition of the 
buffer solution will adjust most samples into the 
range of 5.0 to 5.5 pH where no interference of pH 
is found. For samples high in pH, i.e., pH 11, the 
volume of btiffer added may not be sufficient. 
These samples^should have their pH adjusted by the 
additibn of IN HC1 to adjust the pH to about 8 before 
addition of the buffer. 

So long as the temperature of the itan<ferds and 
samples are the $ame, temperature will not affect the 
readings. However a variance between standard and 
sample -of 1 C can cause a 2% error for a concentra- 
tion of 19 mg F/l . 
• 

Other ions, particularly, iron and aluminium can. 
cause significant grrors. The table below qiv/g{ 
some indication of this error. The numbeirs tfiven 
show the concentration that will affect thy 
electrfide after addition of buffer. 



/ 
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EFFLUENT MONITORING PROCEDURE: 



Determination of Fluoride 1n Potable and 
Waste Waters. Using a Selective Ion Electrode 



Field ^ Laboratory Analysis 



Section vil 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



E.4 

.Continued) 



E.4.b. 



F.1.15a. 
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INTERFERENCES FOR THE ELECTRODE 

Concentration of substance, in mg/liter required. to 
cause an error of plus or minus 0.1 mg/liter at 
1 .0 mg T/liter. 



SUBSTANCE 
Alkal inity 
Aluminum 
Chloride 
Iron t 

Hexametaphosphate 
Phosphate 
Sulfate „ 
Chlorine 



Fluoride Determination in 
Water, E.P.A; Training 
Manual, National Training 
and Operational Technology 
Center, Cincinnati, Ohio 
45268 



7,000 (+) 
4 (-) 
20,000 {-) 
200 (-) 
>5O,0OO 
>50,000 
50,000 (-) 
>5,000 



From this, it can be seen that with the use <Jf the 
buffer, very few 1ons normally used in the treat- 
ment of water will interfere.. 

Variations^ ionic strength cart interfere but again 
the make-up of the buffer will adjust this to a 
point where interferences are eliminated. 

All samples are actually diluted in halfby the 
addition of an equal volume of buffer spution. 
Since, this same dilution ratio. of equal volumes is 
carried out for all samples and standards the 
original concentration is used. Thus if a 1.0 mg/ 
liter solution is diluted with buffer and is 
actually 0.5 mg/liter it is read as 1.0 mg/li£er. 
i 

-Plot the concentration of fluoride in mg/1 on jfhe 
log axis and the millivolt-reading on the\inear 
axis. Figure one has a piece%of 2 cycle semi l^g 
paper with. the concentration vplues in the EMP 9 
marked. 

The graph will have a negative slope; i.e., there 
will be a lowering of the milltvolt reading as the 
concentration increases. The Mne will" be straight 
from 0.1 to over 100 ppm. J^j 



Ell.B-28 



> 

EFFLUENT MONlTOfrfNG PROCEDURE : Detennlnation of Fluoride 1n Potat^e and 

Waste Waters Using-a Selective Ion Electrode 



Field & Laboratory Analysis 



F.2.8a. 



Section yjj 



TRAINING GUIDE NOTE 



A selective ion meter usual ly- has several scales Qn 
the meter face. One is divided into 14 equal 
divisions is the pH scale; another is divided into 
unequal divisions and gsualjy repeats itself at 
least twice. How it is numbered varies with each 
manufacturer. This scale is the logarithmic scale 
and should be used to read the concentration of 
selective ions in mg/1 . 

Since the units, i.e. how it is numbered, vary' the 
concentration range of the scaleJ:an.be arbitrarily 
set. This scale is usually repeated; for example, 
if tffe ftrst 'number on the left iVmarked as .1 and 
at the middle of the; scale is 1 anil the last number 
tfn ttie right is 10 this gives tyo complete 
repetition*. Concentration wise this Could mean 
that the concentration at center. can be adjusted to 
read 1.0 mg/1 and at far right'as 10. Q mg/1. This 
would then allow concentrations of from 0.1 to 1 # 0 
tolO.O to be read directly from the meter face." 



REFERENCES/RESOURCES 



t 
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Section IX 



TYPICAL LABORATORY DATA SHEET 



Sample Collections : 

1. Name of Plant: 

2\ Sampling Location 

3. Type of Sample _, 

4. Date and Time Collected 

5. Sample Collector 



Sample Analysis : 

1 . Name 'of laboratory ^ 

2. l^fe and Time Collected 
3- Sample designation 



Methods Used 



'5. % Was Sample Distilled / 



6. Concentration of F" determined 
fin iT^/liter) 



4- 



o 
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Standard Cone. 

0.0 
0.2 
0.4 
0.6 • 
0.8 
1.0 
1.2 
1.4. 
1.6 
2.0 



Millivoir reading^ \ 

\ * 



^3. 



A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES ^/ 

for the' 

PRELIMINARY DISTILLATION PROCEDURE FOR. 
FLUORIDE ANALYSIS OF POTABLE AND WASTEWATERS 



as applied *in 

WATER TREATMENT FACILITIES '• 
, WASTEWATER TREATMENT FACILITIES • 
and in the 
MONITORING OF EFFLUENT WASTEWATERS . 



( 



\ 



National Training and Operational Technology Center 
Office of Water Program Operations 
' U.S. Environmental Protection Agency 



-J 



CH.HAL.f.lab.WMP.l:11.77 
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WATER MONITORING PROCEDURE : . . Prel imi naryJDjs-ti 1 1 ati on Procedure -for Fluoride 

Analysis of Potable and Wastewaters 

1. Analysis Objectives: 

The learner will remove interferences to the fluoride analyses by a pre- 
liminary distillation of the sample. 

2. Brief Description of Analysis: 

The sample is added to a previously *ad jus ted acid wat^r mixture. The . , 
fluoride is liberated in the strongly acid mixture as the fluoride ion F". 
This. reacts with the excess hydrogen ion H + to form hydrofluoric acid HF. 
This material leaches silica from glass and forms hydrofluorsi.Hc acid 
H 2 S 1 wnicn> ^isti^s over as an aqueous solution. All impurities remain 
behind. . 

3. Applicability of this procedure: - 

.a. Range: When high-fluoride samples are distilled (greater than 10 mg F"/l),, 
all of the fluoride may not be distilled over. Repeat. the- distillation 
with 300 ml distilled water. 



I 



b. Pretreatment: None required - 

c. "Treatment of Interferences:* None required 



v 



3S5 



Ell.C-3 



m 



71 



V 



FLUDRIOE ANALYSIS FLOW SHEET 



Electrode 
Method 



\ 



Sample 
* 



Potable Water 




SPADNS 

Coloriroetrlc 
Method 



Waste Water 



SPADNS 

Color1nfetr1c. 
Method 



Distill 



Electrode 
Method 



1 



Automated 

Complexone 

Method 



er|c 



356 



3b7 



WATER MONITORING PROCEDURE: Preliminary Distillation Procedure for Rflbnde 

Analysis-.of Potable and Wastewaters 



Equipment and Supply Requirements 

A. Capital Equipment": 

Water still or other source of distil led- water 

B. Reusable Supplies: 



% - 



1. One adaptor - offset with .outer ground glass joint 24/40 at top and inner • 
gicpurwl glass joint 24/40 at the bottom, with o'paning with rubber glove ' 
connector for thenpometer. / 

2. One burner, natural - gas tyffe (or for other, type gas used' in lab) 
•3. One boiling flask--. 1 liter* Pyrex.or K1max, round bottom, with 24/40 

outer ground glass joint 
4. Two clamps to hold boiling flask and condenser to ring, stand. One 

should be covered with asbestos or fiberglas to. withstand heat. 
6. One condenser -40 cm long, double jacket, outer ground glass 24/40 ^ 

joint at top 

6. One connecting tube - with two inner ground glass 24/40 joints 

7. One cylinder - volumetric,- 500 ml 
' 8. One flask - Erlenmeyer, 300 ml 

*9. Twelve glass beads - (not hard glass," i.e., Pyt»ex or'Kimax) ' » 

10. One tube grease - silicone stopcock 

11. One ring stand and rod 

12. One thermometer - 0 to 200°C, 24" long 

13. Tubing, Tygon - enough to reach water supply *and drain 

'C. Consumable: / ~ 

1. Distilled water - about 6 liters 

2. Silver sulfate - crystals (for removal of chloride concentration greater 
than 2000 mg/1 ) / 

, 3. Sulfuric acid / 
4. Detergent 
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WATER MONITORING PROCEDURE : Prel 

' * Analysis 



minary Distillation Procedure for Fluoride 
of Potable and Wastewaters 



OPERATING PROCEDURES 


/ STEP SEQUENCE 


I HFORMAT I ON/QPE RAI^NG GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES ' 


PRELIMINARY DISTILLATION 
A. Sample Collection 

* 


FQf^ FLUORIDE ANALYSIS: 

1. Collect 3 minimum of 300 ml 
in a plastic or hard glass 
container. 


'la. Polyethylene bottles are preferred to glass 
bottles and are satisfactory provided they have 
not previously contained high-fluoride concen- 
tration solutions. 

i u • nu d(/cu i a i r ctju i r ciiicii to arc iicucaaarjr iur 

preservation. 

• t. 


» 

* 


B. Equipment Preparation 


1. Clean aid glassware in 
detergent. 

2. Rinse with distilled water. 


2a. Caution: ' Tap waters can contain fluoride. 


» 


• 

C. Reagent Preparation 

1 • U Id 11 1 1 CU Ifu tCi 

. 2. Sulfuric Acid 


i. rreparc aDUUt six \o) 

Uters of distilled watfer. 
This must be free from 
fluoride. 

1. Concentrated; no pre- 
paration required. - , 


A 

4 

la. «jrfdc a 5ti 1 1 ur pabb tap water tnruuyn an ion 

exchange column containing a* strongly acidic 
cation exchange resin mixed with a strongly 
basic anion exchange resin. > 




D. Still Preparation 
1 . Connect the still 

• / 

« 


1 . As shown in F1g. I. 

2. The ground glass joints 
should be greased with ' 

b i i i cune bLupuucK yr caic. 

3. The thermometer must be 
capable of reading abqut 
200°C. t . 

* 


\ • 

la. Leave the joint between the adaptor and connecting 
tube open. . 

2a. Very small amounts' are used. One way to do this 
1s to coat the joint then lightly wipe the grease 

Ull Vf I til a oU I t tlbbUc. 

* 

• 

• .1'...- ... ♦ 

3. 
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WATER HON I TORI NC , PROC EDURE : 



.OPERATING PROCEDURE S 

D. Still Preparation 
(Continued) • 
2. Add the Reagents 



3. Close the Still 



4. Heat the- Still 




Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters - ,uur ^ e 
-A ■ J 



'step sequence- , 



V 



1. ' Place 400 m] of distilled 

water in the boiling fTask 

2. Carefufly add 200 ml co'n^ 
centrated sulfuric acid. 

T.;Add about 10 t^2 glass 
beads. 




4. Shake the flask by swirling 
to Jin x the two l iquids. 



1. Connect the joint between 
fhe adaptor and the 
connector tube. 

2. Check all joints to assure 
tightness. 

1 . 4|orn on water to the 

condenser. » - 



INFORMATION/OPERATING GtfALS/SPEC IFICATIONS 
ta. % Use a 5D0 rtil graduated cylinder. 



2a. Cautions Heat ,1s generated, also use protective 
eye^ covering. „ * 

3a. These serve a two fold purpose: first to act as 
boiling stones to prevent superheating of the 
mixed liquids and secondly to serve as a source 
of silica for a chemical reaction in the flask. 



H 2 SiF fi 



F" + H ^HF +"^1 

If the glass beads are nofcAresent, the silica 
will be taken from the boljingvflask and will 
considerably shorten *ts* useful .life. 

4a. Hold the ring stand top and rotate in circular 
fashion. The mixing must be complete or the 
liquid can superheat. If thfe flask is observed . 
closely whOemixing, gradient lines (wavy lines) 
can-' be &een.4f)lx until no mofe are seen. 

la. -Consult' Figure I. ' . 



2a.. Fluoride wfll be lost through any joints that 
are not tight * • \ 

la. The water should enter at the bottom of the 
condenser. \ J 

lb. The flow of water should be maintained at such a 
rate that condensation does occur in the upper 

v third of the condenser. 



TRAINING 
GUIDE NOTES 



VIII. 2. D. 4 
(p. 15) • 
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WATER MONITORING PROCEDURE: Preliminary Distillation Procedure for fluoride 

Analysis o) Potable and Wastewaters 



Ell.C-/ 



OPERATING PROCEDURES 



D. StiJl Preparation 
(Continued) 



STEP SEQUENCE 



TurrTori\and ignite the 
burner. \ 



3. Place a 300 ml Erlenmeyer 
flask under the condenser. 

4. Begin to heat slowly. 

5. When boiling begins, heat- 
ing may be increased. 



6. Continue heating until the 
temperature reaches 180°C. 



7. Remove heat. 

8. Discard distillate. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. A heating mantle may.be used; however, it is in- 
convenient to use. The temperature must be 
stopped at 180°C and It is hard to do with a 
mantle. If a mantle Is used, it can be turned off 
at a somewhat lower temperature, allowing the 
residual heat to carry the temperature to 180°C. 
How early should be determined by practice since 
all mantles very. « , 



4a. If bumping occurs, mixing has, not been completed. 

5a? Adjust th^ flame to prevent It from contacting the 
distilling flask above the liquid lever Super- 
heatir^of the vapor results in high sulfate 
carryover which causes a sulfate interference. 

6a. Distillation must be stopped when the temperature 
^reach es 180°C. Higher temperatures result in 
excess4ve~sulfate carryover. 
6b. About 45 mlrfutes. 

7a. Turn oVf burner. 

8a. Discard this distillate, since it contains traces 
of fluoride from the add and glassware. This,* 
preliminary procedure also serves to adjust the 
acid-water ratio for subsequent distillations. 
8b. This preliminary distillation ne^tf be repeated 
only If new add 1s used or obvious contamination 
occurs or 1f the operator has doubts as to 
contamination. 
8c. The resulting add-water ratjo can be used over 
and over for samples until a brown color pre- 
dominates an~180°C is hard to obtain. 
8d. The amount of distillate should be 300 ml . 
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TRAINING 
GUIDE NOTES 
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WATER MONITORING PR8CEDURE : ' Preliminary D.1st1l latlon Procedure for Fluoride 
" Analysis of Potable and Wastewaters 



\ 



OPE RATING PROCEDURES 



E. Procedure 

1. Sample Addition 



2. Distill sample 



333 



STEP SEQUENCE 



1. Allow the still to cool 
until the temperature 
drops to 120°C or lower. 

2. Disconnect the joint be- 
tween the adapter and 
connecting tube. 

3. Remove high levels of 
chloride in the sample. 



4. Add 300 ml sample. 



5. Mix thoroughly. 



r. 

6. Close joint between 
adapter and connecting 
tube . 

1. Place a 300 ml Erlenmeyer 
flask under condenser. 

2. *Turn on water to the 

condenser. * . 

3. Ignite burner. 



INFOPMATION/OP&RATING GOALS/ SPECJ F I CAT I ONS 



la. Caution : The glass is hot; touch with care. 



2a. Jhe connecting tube may be lifted clear of the 
adapte> and. condenser. 



3a. Add silver sulfate to the sample at the rate of 
5 mg-per milligram of chloride when h1gh-chlor1de 
samples are distilled. 

3b. Most potable waters will riot have high-chlorides . 
Sea water and brackish waters may. have. As a gen- 
eralized guide ^about 2OO0.mg/l chlroide should be 
a Starting point for adding the s1>ver sulfate. 

4a. Use ,a 500 ml graduated cylinder. 
4b. Pour into adapter. 

« 

5a. Caution : . Improper mixing may cause super-heating 

and bumping. m \ 
5b- Use support ring and swirl 1n circular manner. 

( 



A 



2a. If it has been turned, off. 



TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Preliminary Distillation Procedure for FVuoride 

Analysis of Potable and Wastewaters 



Ell .C-10 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAWIN'G 
GUI DE] N OTES 



E. Procedure (Continued) 



3. Remove Distillate 



4. Begin t> heat slowly. % 

5. Increase temperature. ^ 

6. Heat to 180°C. ✓ 

( 

7. Remove heat. 

1 . Retain distillate for 
analysis of the fluoride. 



F. Fluoride Determination 1 . ^Phose an approved method. 



2. Determine the fluoride 
, concentration. 



♦ 
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4a. Until boiling begins. \ 

5a. Caution : Do Atallow flame to go above" liquid 
level. W H 



7a. When temperature reaches 180°C. 

la. -When high-fluoride samples (> 10 mg F^/liter) are 
distilled, repeat the distillation using 300 ml 
of distilled water* If substantial amounts of 
fluoride appear Vr\ the second distillate, add the 
* amount to, that obtair^d initially and flush 

(300 ml of water) the stfll again. Quantities of 
l^ss than 0.1 mg/1 F" may be disregarded. 



la. For wasj£j*4ter the SPADN^-dlectrode or automated 

complexone methods a/e, approved after 

distil latlon*. 
lb. For potfotentfater the SPADNS or electrode methods 

are apprflte^ Distillation is not required for 

the, electrode method, 
lc. Consult the appropriate EMP on the procedures. 



\ 



WATER MONITORING PROCEDUftlj': Preliminary Dist1Uat1on Procedure for Fluoride 

Analysis of Potable and Wastewaters 

A ' . • ' 



OPERATING PROCEDURES 



6. Storage 

1. The Still 

2. The Add 



:RLC 
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STEP SEQUENCE. 



1. Store the glass still 1n 
such a -manner as to pre- 
vent physical damage. 

* t 

1. Store 1n the Still*.'" 



\ 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 

1 



la. This add-may be reused until the buildups of 

Impurities discolors or prevents the temperature 

from being Obtained, 
lb. The ttme 1s dependent upon content of Impurities 

1n the water sample, 
lc. A good practice would be to occasionally run a 

known standard to assure complete distillation 

of fluoride. 



TRAINING 
GUIDE NOTES 
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V 



CONNECTING TUBE/ 
12mm. I.D- 



THERMOMETER 



RUBBER SLEEVE 



10OO ml. BOILING^ FLASK 





f 24/40 
JOINTS 



APAPTER 



I 24/40* JOINT 




BURNER 



CONDENSER 





300 ml. ERLENMEYER 



FIGURE I DISTILLATION APPARATUS 
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WATER MONITORING PROCEDURE: Preliminary Distillation Procedure for Fluoride 

Analysis of. Potable and Wastewaters 



SECTION 
I* 
II 

iii 

IV 
• V 
VI 
VII 
VIII* 
IX 



TRAINING GUIDE 
. . TOPIC 

1 — — — 

Introduction 

Educational Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Communications . 

Field and Laboratory Equipment 

Field and Laboratory Reagents 

, • / 
Field and Laboratory Analysts 

Safety 



Sri 



Records and Reports 



> 



♦Training Guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures." 



J 
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MATER. MONITORING PROCEDURES: 
5 \ 



Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 



INTRODUCTION 



^Section I 



TRAINING GUIDE NOTE 



REFERENCES/ RESOURCES 



The Guidelines Establishing Test Procedures for the 
Analysis of Pollutants lists three approved analyti- 
cal methods, for fluoride. It is mandatory to pre- 
cede each by the preliminary distillation procedure, 
unless comparability data 1s available on a repre- 
sentative effluent' sample to show that this pre- 
liminary distillation 1s not necessary. 

The National Interim Primary Drinking Water Regu- 
lations lists ^two approved analytical methods/for 
fluoride. It 1s mandatory to precede only the 
colorlmetrlc (SPADNS) method by the preliminary 
distillation procedure. 

The Preliminary Distillation step required to be 
used 1s the method utilizing a distillation from 
sulfuric acid-. 



Federal Register, Part II, 
Wednesday, Dec. 1, 1976, 
page 52782, "Parameter 20. . 



Federal Register i^art iv, 
Wednesday, Dec. 24, 1975, 
page 59573, Parameter 10. 



Standard Methods for the 
Examination of Water and 
Wastewater. 13th ed., • 
page 171 . 14th ed. , 
page 389. 
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iWATER MONITORING PROCEDURES: Preliminary DMst11lat1on Procedure for Fluoride 

v . Analysis of Potable and Wastewaters 



•SAFETY • #' 4 Section VIII' 





^ TRAINING GUIDE NOTE ^ 


REFERENCES/RESOURCES 


\ — 

D.2.4 ' 

• * 


' Care should be taken to assure complete mixing - 
between the add and water or sample. Incomplete 
mixing will result in a violent bumping of the still 
which can throw the acid mixture out of the distill- 
ing flask and possible damage to the still, analyst 
and loss of sample.* - ^ 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

„ -for the 

DETERMINATION OF BARIUM (Ba**) 



-r 



as applied 1n 

WATER AND WASTEWATER TREATMENT FACILITIES 
and irf the 
MONITORING OF EFFLUENT WASTEWATERS 



/ 



National Training and Operational Technology Center 
Office *»f Water Program Operations 
UIS. Environmental Protection Agency 



OUC.ba.lab.HMP.1.11.77 
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MATER MONITORING PROCEDURE: Determination of Barium (BA**) 

1. Analysis Objectives: 

The learner will be instructed on how to determine the barium content of a 
sample. 

2. Brief Description of Analyses: ' * 

The sample.. is first digested with acid to assure all metals are in a soluable 
form. After which a portion of the sample is aspirated into an atomic ab- 
sorption spectrophotometer utilizing an acetylene-nitrous oxide flame. 

3. Applicability of Procedure: * 
The method works for both potable and wastewater^. 

a. Range of Concentration - The method is recommended for use in the range 
of 1.0 to 20 mg of barium/liter. The detection limit is . 0.03 mg/K 

treatment of the sample - Digestion in acid pH to assure solubilization. 
Section B. . 

Treatment of Interferences in the sample - The use of the nitrous oxide- 
acetylene flame virtually eliminates chemical interferences; however, 
barium ts easily iorrtzed in this flame and potassium must be added to 
standards and samples alike to cohtrol this effect. 

d. Source of Procedure - Manual of Methods for Chemical Analysis of Water 
and Wastes; 1974 ed., p. 97; USEPA Technology Transfer, Cinti., OH 45268. t 




J 
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WATER MONITORING PROCEDURE: Determination of Barium (BA 



Operating Procedures: 

I 

A. Equipment Preparation 

B. Reagent Preparation 

C. Standard Preparation 

D. Sample Pretreatment 

E. Instrument Calibration 

F. Sample Analysis 

G. Calculations 



V 
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WATER MONITORING PROCEDURE: Determination- of Barium (BA**) 

Equipment and Supply Requirements 

A. Capital Equipment: 

Atomic absorption spectrophotometer 
Recorder - compatible with the .instrument 

3. Nitrous oxide burner head 

4. - Barium - hollow cathode lamp 

5. Pressure regulators two stage for 
Acetylene - CGA .inlet 510 connector 
A1r - CGA Inlet 1340 connector 

' Nitrous oxWe - CGA Inlet 1320 connector ' 

6. Balance - analytical with a 0.1 milligram sensitivity 

7. Still - boroslHcate glass or equivalent 

B. Reusable Supplies': . , 

T. .Trip balance - 100 gram capacity 

2. ?fPen or pencil 

3. Twelve Inch ruler 
. 4. Hot plate 

5. Five reagent bottles - clear glass, glass stoppered 500 ml 

6. Six beakers - glass, 150 ml size 

7. Six cylinders - graduated, 100 ml size 

8. Three flasks - volumetric, 1000 ml volume 

9. Six flasks - volumetric, 100 ml volume 

10. One plpet - graduated, 1 ml 

11. Two plpets - graduated, 10 ml * 
V2. One plpet - volumetric, 1 ml 

13. Two plpets - volumetric 5 ml i 

14. - One plpet - volumetric 10 ml I 

15. One plpet - volumetric 20 ml - 
16; One funnel - powder, glass 

17. One funnel - filtering 

18. Plpet bulb y 

19. Safety glasses 

'20. Wash bottle - plastic 

Consumable Supplies: - 

1. De1on1z1ng column - mixed bed type 

2. Gases 

* Acetylene - purified or commercial grade 
A1r - dry grade t 
Nitrous oxide - technical grade 

3. Detergent 

4. citric Add - ACS grade 

\5. Hydrochloric add - ACS grade 

6. Barium chloride 

7. Potassium chloride 
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HATER MONITORING PROCEDURE: Determination of Barium (BA**} 

Equipment and Supply Requirements (Continued) 

8. pH paper - capable of measuring pH 2 (pHydrlon) 

9. filter paper - Whatman #42 
.10. Graph paper 

11. Wax marking pencil 

12. Plastic weighing boats, * 12 each 




KATEfe MONITORING PROCEDURE: Determination of Barium (Ba^) 



OPERATING PROCEDURES 



t STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. Equipment Preparation 

1 . Cleaning of 
Glass** re 



2. Balance Inspection 



Instrument 
Inspection 



1. Hash^Ll th detergent. 

« 

2. Rlnsewlth tap water. 

3. Rinse with 1:1 nitric acid 



4. Rinse with tap water. 

5. Rinse with 1:1 hydro- 
chloric add. 

6. Rinse with tap water. 

7. R1n*e with distilled water 

1. Check all balances for 
cleanliness and proper 
operation. 

1. Check all Items of the 
Instrument to assure 
proper optimization and 
operation. 



la. Cleaning should be carried out In this order, 
lb. All glassware should be kept covered after 
cleaning. 



c 



3a. Add an equal volume of acid -to an equal volume of 
distilled water, (Example: 500 ml of acid added 
to 500 ml of water. 

3b. Cau|ipn: Always add acid to water not^he 
reVOTse . 



4 i 

5a, Add e<iua.l volume of HC1 to an equal volume of * 
distilled water. 

M 



la. Consult the manufacturer's manual If the balance 
J does not operate properly. 



la. Consult the manufacturer's manual. 
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WATER MONITORING PROCEDURE :J )etenp1{)at1 on oV BaHim (Bat*) 
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9PERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT I ON/OPE RAT I N6 GOAL S/ SP EC I F I CAT I ONS 



TRAINING 
GUIDE NOTES 



B. Reagent preparation 

1. Distilled 
Delonlzed Water 



2. Nitric Add 
Concentrated 

, (HN0 3 ) 

3. Nitric Add 1:1 



4. Hydrochloric Acid 
Concentrated (i£l) 

5. Hydrochloric Add 

§ 



6. Barlun Stock 
■ Solution 



Prepare by passing dis- 
tilled water through a 
nixed bed of cation an<j 
anion exchange resins. 

Commercially available 
reagent. grade. 

Prepare a 1:1 solution from 
reagent grade- nUMd acid 
by adding an equal amoupf 
of the add to an eqjjM 
amount of dlstlllecwater,.. 

CororclMly^va 1 labl e 
reagent grade. 

Prepare a 1:1 solution f row 
reageplt grade hydrochloric 
add by adding an equal 
amount of the add to an 
equal amount of distilled 
water. 

Carefully weigh 1.7787 
grams of barium chloride 
(BaCl 2 '2H 2 0) (analytical 

reagent grade). 



fer Into a 1000 ml 
tr*lc flask. 



la. Use de1on1zeihd1sttlled water fj>r the preparation 
'of all reagents, calibration standards and as 
dilution wwr. . 

\ « 

la. If a high reagent blank 1s obtained, 1t may be 
necessary to distill the add or purchase a > 
letter purity. 

la. Caution : add the add to water; not the reverse. 




la. Caution ^ add the add to water; not the reverse, 

/ 



e la. Use a pflfctlc weighing boat and an analytical 
balance. , 



2a. Use a powder funnel. 

2b. Use a plastic wash bottle to rinse weighing boat 
and funnel Into the flask/ 
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WATER MONITORING PROCEDURE: 


Determination of Barium (Ba 








y 






• 

i 




OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS v 


TRAINING 
GUIDE NOTES 


B. Reagent Preparation 
(Continued) 




* * 

Dissolve 1n distilled 
water. 




r 




j 


4. 


Dilute to the mark with 
distilled water. 


4a. 


One ml equals 1 mg Ba (1000 mg/Hter) 


• 

V 


7. Barium Standard 
Solution 

• 


1. 


Transfer about 50 ml of 
distilled delonlzed water 
to a 100 ml volumetric 
flask. 


la. 


This volume need not be measured exactly. 






2. 


P1pet 1 ml of barium stock 
solution (rteagent 6) Into 
the flask. 


2a. 


Use a 1 ml volumetric plpet. 






3. 


Dilute to the mark with 
distilled delonlzed water. 


3a. 


This solution contains 10 mg Ba/llter. 
(1 ml = 0.01 mn Ba) 




8. Potassium Chloride 
Solution (KCJt , 

, / 

S \ / 


1. 


Weigh 95 grams of potass 1 tin 
chlorkie (KCU (analytical 
reagent grade). 


la. 


Use a p*ast1c weighing boat on a trip balance. 


• 


X . J 


2. 


Transfer Into a 1000 ml 
volumetric flask'. 


2a. Use a powder funnel. l 
2b. Use a plastic wash bottle to rinse the weighing 
boat and funnel Into flask. 




J 


3. Dissolve in distilled 
water. 










4. 


Dilute to" the mark with 
distilled water. 


4a. 


One ml » 5Q mg K » (50,000 mg/llter). 




9. Fuel and Oxidant 


1. 


Commercial grade acetylene 
1s generally acceptable. 
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WATER MONITORING PROCEDURE; Determination of Barium (Ba ) 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


B. Reagent Preparation 
, (Continued) 


2. Reagent grade nitrous 
oxide (N 2 0) 1s required* 

3. A1r - dry grade* 

/ 

4 

> 


3a. A1r may be supplied from a compressed air line, 
a compressor or cylinder. 

3b. A1r 1s used to Ignite the burner Initially on 
most Instruments, then the flame 1s pitched 
over to the nitrous oxide. This reduces the 
possibility of flash back occurring. 

3c. Caution: The air supply must be free from oil 
or other contaminants. 


i 

■ 


C. Standard Preparation 

*- 


1* Collect 5 clean 100 ml 
volumetric flasks, 

2. Add about 50 ml del on 1 zed 
distilled water to each 
flask. 

3. Add 0.2 ml concentrated 
nitric add. 

4. Add 5.0 ml of concentrated 
hydrochloric add. 

5. Add 2.0 ml of the potasslun 
chlprlde solution (Reagent 
8) 


} r 

2a. This volume Is not critical— just fill flask 
about half full. 

* 

3a. The calibration standards should be prepared 
using the same type of adds (HC1 and HN0 3 ) and 

at the same concentrations as the samples for 
analysis. 

3b. Nttrlc add will have been added to the Sample 

for preservation. 
3c. Use a 1 ml plpet graduated 1n tenths. 
3d. Use caution when pipetting concentrated adds. . 
3e. Use a plpet buljn and safety glasses. 

4a. Use a 10 ml graduated plpet. 
5a. Use a 10 mf graduated plpet. 


VI. C. 5 
(P. 17) 
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WATER MONITORING PROCEDURE.: Determination of Barium '(Ba^) 



OPERATING PROCEDURES 


b 

- STEP SEQUENCE > 1 


INF0RMATI0N/0PERAT TNG ,G0ALS/ SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


C. Standard Preparatio^ 
6 (Continued )( 1 

* 

•* 


6. Transfer 0.0, 5.0, 10\0, 
15.0, ,20.0 ml of the- 
barium standard solution 
(Reagent 6) to each of* the 

five volumetric flatkt 

respectively. 

7. Dilute each flask to the 
volume mark with de- 
Ionized d1st1Hed water. 

8. Mix thoroughly,. 


6a. Use volumetric plpets for the transfer/ 
6b. The blank (the Q.O flask) will nofneed to be 9 
• pipetted. 

7a. The solutions contain 0.0, 0.5, 1.0, 1.5, and ' 
2.0 mg Ba/I1ter of solution. s 


j 


D. Sample Pretreatment: 
for Total Metal 

~& > 

* > - f ' 
* 

1 


1. Transfer 100 ml, of 
sample Into a clean 150 ml 

- beaker. » 

2. Check the pH. ^ 

3. 'Adjust pH to below 2 If 1t* 
tat not been adjusted c 
dofclng sampling. 

4 

4. Add 5 ml of 1:1 hydro- a 
chloric add/ -Sn 

5«4leat the sample at 95°C 
for 15 minutes * 

6. Coof to room temperature. 

7. Wash down wa^ls of the 
beaker with <lHt1Ued 
water. \[ 


la. Use a 100 ml graduated cylinder. 

2a* pH paper can be used (pHydrion). 
2b. pN must ba <pH2. 

3a. <Add concentred nitric add (HN0 3 ). 
■p. Use a 5 ml volumetric plpet. 

* / • ' 

5/1 On A hnt nlafp r»r uAtor hath / r 

5b. The sample should not boll. ' 

- ' 

7a. Use a plastic wash bottle. 
7b. The final volume 1s to be 100 ml. Do not use 
large amount of wfcter. 


* 

J 
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HATER MONITORING PROCEDURE: Deterwl nation of Barium (Ba ) 
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OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


D. Sample Pretreatnent: 
for Total Metal 
(Continued) 


8. Filter the sample through 
a fUter-paoer Into a 
100 ml graduated cylinder. 


8a. A paper such as Whatman #42 should be used. 






9. Adjust the volume to 
100 ml. 


9a. 


The sample 1s now ready for analysis . 




t. instrument Calibration 


1. Install the nitrous oxide 
burner head. 


la. 


Follow the manufacturer's directions for In- 
stallation. Usually no tools are required and 
the Installation 1s not difficult. 

•* 






2. Assure that the barium 
lamp 1s 1n the light path. 


2a. 


Depending on the Instrument, the analyst may 
have to place the lamp Into the lamp compartment 
or revolve the turret. 






3. Adjust the wavelength to 
the proper setttng. 


3a. 


S53.6 nm for barium. 

\ ' * 

Consult the manufacturer's specifications or 
procedures manual . N 






4\Select the proper si 1 1 
^arrangement. 


4a. 




1 

ft* 


5. Set the J\ amp current con- 
trol to its lowest 
position. 


5a 


uuiiau 1 Mic manual Tor location on your 
Instrument. 




f 
\ 


6. Turn on the power to the 
- Instrument. 


6a. 
6b. 


Consult the manufacturer's manual for location. 
Allow warm up time for single beam Instruments. 




< 


7. Adjust the lamp current 
control until the proper 
mill lamps are applied to 
the lamp, 


7a. 


Consult the lamp for proper operating current. 

• 

* 
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HATER MONITORING PROCSeURE: Determination of ferlum tti**\ ^ ~ 


OPERATING PRCCEOURES 


STEP SEQUENCE 


* INFORMATION/OPERATING GOALS/SPECIFICATIONS * 


TRAINING 
GUIDE NOTES 


E. Instrument Calibration 
(Continued) 

* 


8, Turn on the master valves 
for; the.alr, acetylene 
and nitrous oxide. ^ 

9. Ignite flame. ^ % 

* 

10. Aspirate the standard 
solution prepared In 

Corf inn C 

11. Prepare a calibration 
curve by plottln^the 
concentration, In mg Ba/ 
liter, of the standards 
against the response for < 
each concentration: 


8a. The pressure^settlng for the gases, should. be s*t 
to the manufacturer's recommendations/' 

. , \' i ■ ■ 

9a. Using alr-acetyten'e: after Ignition, switch to . 

nitrous oxHIe. 
9b. Adjust the acetylene for maximum absorption. , 
. 9c. See instruction manual for your particular' 

Instrument. 

10a. Record tfte response on a recorder or 'Its 
equivalent. . 

* 


t 

- - t 

( 

t «. 

*> 

+■ \ 


F. Sample Analysis 

ERjC 422 


— ^ 

1. Each sample jmist be pre- 
treated to assure that all 
materials Which might 
contain barium are In 
soluble form. 

2. Add 2 ml of the potassium 
chloride solution (Re- • 
agent 8). 

3. Aspirate the unknown < 
solutlon(s) Into the 
Instrument ImmedlateTy 
following the aspiration 
of the standards. 

• * 


la. Steps are fn Section C. 

• 

♦ 

2a. Use a 10 ml graduated plpet. 

3a". The standard curve produced under ^Section E.mtfct 
be verified each time barium Is to be analviecfv 

3b. The flake characteristics and Instrument 
settings should be the same for standards and 
unknowns. 

EN- 


» 
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MATER MONITORING PROCEDURE: Determination of Barlui (Ba**) 



OPERATING PROCEDURES 


STEP SEQUENCE 


I HFORHAT ION/OPE RAT I N6 GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


F. Sample Analysis 
(Continued) 

> 


4. Record the response. 






6. Calculations 


1. Determine the concentra- 
tion of barlui In the 

SAmmOle* bv cnKe»4_Mi»4 M fU. 
•■mmJMC l/J 9UU5 WrvU ting WW 

observed Instrumental re* 
' sponse on the calibration 
graph. 

2. Express all values as 
mg Ba/llter. 


la. Consult the outline In Section F concerning 
"Calibration Graphs." . 

lb. Soae Instruments can be calibrated to read 
directly In concentration. This should be used 
^-enly after the analyst Is assured that correct 
responses can be attained. 

* * 

* 


r 


%/ 

i 

* 

* 


\ 

\ 

* * 


4 

* 

1 V " « 

/ 

/ 

4 

v 

f 


« * 

1 
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HATER MONITORING PROCEDURE: Determination of Barium (Ba ) 



TRAINING GUIDE 
TOPIC 

I Introduction 

I Educational Concepts - l^thematlcs 

III Educational Concept^ - Science 

IV Educational Concepts - Communications m 

> V* Field and Laboratory Equipment »• 

4 

VI* Field and Laboratory Reagents 

VII* Field and Laboratory Analysis 

VIII . Safety ^ 

IX Records and Reports 




/ 



**Tra1n1ng Guide materials are presented here under the headings marked*, 
These standardized headings are used through this series of procedures 
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WATER MONITORING 



URES: Determination of Barium (Ba ) 



FIELD AND LABORATORY EQUIPMENT 



^Sectl 



on V 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



0.4. la 



B.9.2 



ERICE1M6 



As acetylene {C^) 1s packed dissolved 1n acetones 
(CH 3 C0CH 3 ), cylinders should be stored only 1n an 

upright position. -Acetone can be Introduced Into 
the flane 1f the cylinder has been stored lying on 
Its side or 1f used below 75 ps1g. Acetone entrap- 
ment usually produces a. slight pink tinge and-ab- 
normally htgh background signals. 

The use of a nitrous oxide-acetylene flame 1s 
recommended for the. determination of barium. This 
flame virtually eliminates chemical Interferences. 
However, 1f nitrous oxide 1s not available an air- 
acetylene flame can be used. 
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WATER MONITOP.ING PROCEDURES: Determination' of Barium (Ba**) 



f IELO AND LABORATORY REAGENTS 



Section VI 




B.8 



B. 7 

C. 5 



BaMura 1s easily ionized 1n the nitrous oxide fVame. 
Ionization will produce Incorrect results. In order 
to suppress the Ionization effect potassium is added 
to standard and sample alike. Thar concentration 1n 
the standards a/id samples should equal 1000 mg 
K/1Q00 ml of solution. For the concentration used 
1n the preparation, 2 ml of the potassium solution 
should be added per 100 ml of standard- or sample. 

If the nitrous oxide flame 1s not availabe and the 
acetylene-a1r flame 1s used, phosphate, silicon 
and aluminum will severely depress the barium 
absorbance. This may be overcome by the addition 
of 2000 mg La/I1ter. This solution 1s ocepared as 
follows: Dissolve 58.65 g lanthani*n^Sx1de^La o 0J 

1n 250 ml of concentrated hydrochloric add 
( Caution : reaction 1s violent; i$e a hood). D?lute 
to 500 ml volume^ This solution contains 100 mg La/ 
ml. Add. 2 ml of this' solution to each 100 ml of 
standard and/or sample. TMs'glves a final con- 
centration of 2000 mg La/1000 ml of solution. . 
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WATER MONITORING PROCEDURES: Determination of Barium (Ba ) 



FIELD AND LABORATORY ANALYSIS 



Section Vn 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES ^ 



F.3a 
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In order to comply with the quality control section 
of ;the "Criteria and Procedures for Water Supply 
Laboratory Certification," the minimum requirement 
1$ to run a validation of the standard curve con-* 
s1 sting of at least a reagent blank and one standar^ 
at or near the maximum contaminant level of 
1.9 mg Ba/I1ter. This should be done dally or with 
each batch of samples* 

If 20 or more samples are run dally, the standard 
curve must be verified by running an additional 
standard of nrldrange every 20 samples. 



All checks must be within + 10 percent of the 
original curve. If not, a new standard curve" 
be prepared. r 



Criteria ind Procediires for 
Hater Supply Laboratory 
Certification. Office of 
Research and Development, 
U.S. EPA, Washington, DC 
20460. 




The control recommended for water pollution analysU 
as listed 1n the Handbook for Analytical Quality 
Control 1n Water ami Wastewater Laboratories 1s 
to verify the standard curve by two standards, one 
high and one low concentration. 



Handbook for Analytical 
Control 1n WatAr and 
Wastewater Laboratories. 
U.S. EPA Technology 
Transfer, C1nt1., OH 45268. 



r 



RESIDUAL CHLORINE AND TURBIDITY 



I. INTRODUCTION 



The Interim Primary Drinking Water Regulations (Federal Register, December 24, 
1975) permits the options of substitution *f up to 75 percent of the bac- 
teriological samples with residual chlorine determinations. Any community 
or non-community water system may avail themselves of tWs option with 
approval from the State based upon results of sanitary s surveys. Residual 
chlorine detemipations must be carried out at the frequency of at least 
four for each sttbstituted microbiological sample. 

Since many potable water plants carry out their own microbiological deter- 
minations, it will be necessary that these laboratories fate certified for 
the bacteriological parameters. Residual chlorine determinations may be 
carried out by any person acceptable to the v State and the analytical 
method and techniques used must be evaluated in some manner to assure that 
reliable information As obtained. 

Since the presence of high turbidity can interfere with the disinfection 
capability of chlorine, a maximum allowable limit has been set for tthrbldity 
as follows: 



A. 



One turbidity unit (TU) as determined by a monthly average except 
that five or fewer turbWity units may be alljowed if the supplier 
of water can demonstrate to the 'State that the higher turbidity 
does not 



T. Interfere with disinfection, 




r 



2. Prevent maintenance of residual of disinfectant throughout 
distribution system, or, 

3. Interfere with microbiological determinations. 

B. Five turbidity units based on an average of two consecutive days. 

The Criteria and Procedures Document for Water Supply Laboratory Certifi- 
cation suggests that some quality control guidelines be instituted for 
the residual chlorine and turbidity measurements at- the State level for 
the purpose of ensuring data validity for these critical measurements. 

In response to public comments regarding the proposed Primary Regulations 
(Federal Register," December 24, 1975) it is stated that operators per- 
forming residual chlorine and turbidity analyses M ....be certified, 
approved, or at least minimally trained to perform the analytical tasks 
before a State could accept their analytical determinations.... 11 



r 
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II. RESIDUAL CHLORINE 



Since residual chlorine analysis would be carried out 1n "field" conditions 
or 1n the small laboratories of treatment plants,' perhaps by. unskilled - 
operators, 1 t Is necessary to keep the analytical method as simple as 
possible. For a number of years, operators had utilized the orthotolldlne 
technique Jn a kit form to determine the chlorine residual. Recent 
'studies and regulatory guidelines have dictated against this test procedure. 
The acceptable test procedure' 1s -now the DPD Test (13th Ed., Standard Methods 
for the Examination of Water and Wastewater , pgs. 129-132), for which kits 
are available from at least two companies and which meet requirements for 
accuracy and reliability. These kits are capable of measuring- both free 
and combined chlorine" of which only the free chlorine 1s measured to meet 
compliance requirements.' Kit procedures call for a premeasured single 
powder or tablet reagent added to the test cell with the sample and a 
resultant color development measures by comparison the standardized colors 
within one minute. Standard Methods Includes cautions regarding temperature 
and pM control regarding this test parameter a'nd this test procedure, the 
OPD Test, 1s least effected by temperature and the pH 1s adjusted by the 
added reagents. The only Interfering substance, oxidized manganese, can 
be determined 1n a preliminary ^tep and compensated for 1n the final test 
value. 



III. TURBIDITY 

Turbidity has long been used 1n the water supply Industry for Indicating proper 
operational techniques. Turbidity should be clearly understood to be an ex- 
pression of the optical property of a sample which causes light to be scattered 
and absorbed rather than transmitted 1n straight lines through the sample. 

The standard method for the determination of turbidity has been based .on the 
Jackson candle turbidimeter. However, the lowest turbidity value which can 
be measured directly on the Jackson turbidimeter 1s 25 units which 1s well 
' abpve the monitoring level. Because of these low level requirements, the 
nephelometric method was chosen and procedures are given 1n Standard Methods 
(13th Ed., 1971). 

IV. 'NEPHELOMETRIC MEASUREMENTS FOR COMPLIANCE, MONlTORfNG . ' L 

. The subjectivity and apparatus deficiencies InvoTVed 1n visual methods of 
measuring turbidity make each unsuitable as a standard method. 
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Since turbidity 1s an expression of the optical property of scattering or 
absorbing light, 1t was natural that optical Instruments with photometers 
would be developed for this measurement. 

The type of equipment specified for compliance monitoring Wf ' utilizes 
nephelometry. 

A. Basic Principle* 7 * ' 

The Intensity of light scattered by the sample 1s compared (under defined 
• conditions) with the intensity of light scattered by a standard reference 
solution (formazln). The greater the Intensity of scattered light, the 
greater the turbidity. Readings are made and reported 1n NTUs (Nephelometric 
Turbidity Units). .| -j j 



B. Schematic 




Turbidity Pftrttclcs 
Scan* Light 



4 



Soi#ri« Cell 
(Top View) 
Figure 2 NEPHELOMETER 
(90° Scatter) , 



ft 



Light passes through a polarizing lens and on to the sample in a cell. 
.Suspended particles (turbtdlty) 1n the sample scatter the light. 




Photocell (s) detect light scattered by the particles at a, 90° afijfe to the 
path of the-jJfcident light.. Tfris light energy 1s converted to an electric 
signal for the metetf^to measure. 



ll -Direction of Entry of Incident Light to CeW 

a. The lamplight be. positioned as shown In the schi 
beam enters a sample horizontally. J 




tic so the 



b. Another Instrument 'design has the light beam entering the sample ♦. 
(1p a~fl a t- bottom .cell) 1n a, vertical direction *1th the photocell 
Js1t1oned accordingly at a 90° angle to the path of 1 incident light. 



9 



2. ' Number of Photoqells 

1 * * 

The schematic shows the photocell (s) at one 90° angle to the path of 

the Incident light. - An Instrument nrfght utilize mere than one photo- 
cell position, with each final portion being at a 90° angle to the 
sample T1 quid. J .\ 

3. Meter .Systems >* * J _ 

a. The meter m*ght measure the signal from the scattered "light In- 
tensity only. ' . , ' 

& . . ': < ■ 

b. The 'meter might measure the signal from a ratio of the scattered 
light versus light transmitted directly through the sample to 

} photocell. , V f " 

&r . V - 
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4. , He^er Scales and Calibration • 

a. The meter may already be calibrated 1n NTUs. In this case,- 
at least one standard 1s run in each Instrument range to be 
used 1n order to check the accuracy of the calibration scales. 

b. If a pre-cal1brated 'scale 1s not supplied, a calibration curve 

Is prepared for each fange of the Instrument by us1*g appropriate 
dllutlens of the standard turbldltv suspension. j, 

EPA Specifications for Instrument Design^ 

Even when pie same suspension ts used for callbratlon of different 
nephelometers, differences 1n physical design of the turbidimeters will 
cause differences 1n measured values for the turbidity of the same sample. 
To minimize "such differences, the following design variables have been 
specified by the U. S. Environments] fjotectl on Agency. 

e 

1. Defined Specifications * ... 
a. Light Source 

Tungsten lamp operated at not less than 83% of ranted voltage 
and at not more than rated voltage. 

b! Distance Traveled by. Light* 

The total of the" distance traversed by the Incident light plus 
4 scattered light within the sample tube should not exceed 10 cm. 

• "* 

c. Angle of Light Acceptance of the Detector 

Detector centered at 90° to the Incident light path and not to 
exceed ± 30° from 90°. 

9' (Ninety degree scatter 4s- sped fled because the amount of scatter 
varies with size of particles at different scatter angles). 

d. Applicable Range — . 

-J The maximum turbidity to be measured 1s 40 units. Severaf ranges 
wi 1 i be-necessary to obtain adequate coverage. Use dllutl on/for 
samples if their turbidity exceeds 40 units. 

2. Other EPA Design Specifications 
a* Stray Light 

Minimal stray light should reach the photocell (s) 1n the absence 
* of turbidity. . 

% 43 j- 



Some causes of stray light reaching the photocell (s) are: 

1) Scratches or Imperfections 1n glass cell windows. 

2) Dirt, fi^nn^ condensation on the glais. 

3) Light leakages 1n the Instrument system. 

A schematic of tReif^luses Is shown 1n Figure 3. 




Ught L—fcogt 
from l*n* Sytttm 

v Lamp Urns 

Ug tit Scatter by glass tub* 
* (Top Viow) 

Figure 3 NEPHELOMETER 
SOURCES OF STRAY LIGHT 

Stray light error can be as much as 0.5 NTU. Remedies are 
close Inspects -of sample cells for Imperfections and dirt, 
and good design which can minimize the effect of stray Tight 
by controlling the angle at which 1t reaches the sample* 

b. Drift 

The turbidimeter should be free from significant drift after a~ 
short warm-up period. This 1s Imperative 1f the analyst 1s 
relying on at manufacturer's solid scattering standard for setting 
overall Instrument sensitivity for all ranges. 

c. Sensitivity y\ 

In waters having turbidities less than one unit, the Instrument 
should detect turbidity differences of 0.02 unit or less. 
Several ranges will be necessary to obtain sufficient sensitivity 
fpr low turbidities. 

Examples of Instruments meeting the specifications listed in 1 and 2 
above include: , t 

a. Hach Turbidimeter Model 2100 and 2100A. 

b. Hydroflow Instruments DRT 100, 200, and 1000. 
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4. Other turbidimeters meeting the listed sp^tflc^tlons are also 
acceptable. 

0. , Sources of Error 

? 1. Sample Cells 

a. Discard scratched or etched^ cells. 

b. Do not touch cells where light strikes them in Instrument. 
p N c. -Keep. cells scrupulously clean. Inside and out.^ 

1) Use detergent solution. 

2) Organic solvent's may also be used. 

3) Usl deionlzed water rinses. 

4) Rinse and dry with alcohol or acetone. 

2. Standardizing Suspensions^ 

a. Use turbidity - freewdter for preparations. Filter distilled 
water /through 3,0. 45um pore size membrane filter 1f such filtered 
water shows a lower turbidity than the distilled water. 

. b. Prepare a new stock suspension of Formazin each month. 

* c. Prepare a? new standard suspension and dilutions of Formazin 
^ each week; 

3. Sample Interferences ? • 

a. Positive 

1) Finely divided air bubbles 

b. Negative 

1) Floating debris 

Z)^ Coarse sediments (settle) 

3) Colored dissolved substances 
(absorb light) 
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E. Reporting Results^ 

NTU RECORO TO NEAREST 

0.0-1.0 , 0.05 

1-10 0.1 

10-40 1 

40-100 5 

•100-.400 10 

400-1000 -50 

\ > >1000 1 00 

F. Precision and Accuracy v ' 

1. In a single laboratory fEMSL), using surface water samples at 
levels*of 26, 41, 75 and 180 NTU,* the standaN delations Were 
±0.6^, +0.94, +1.2 and +4.7 units, respectively. 

2* Accuracy gata 1s not available at this time. 

STANDARD SUSPENSIONS AND RELATED UNITS* 9 - 1 

One of the critical problems 1n measuring turbidity has been to find a 
material which can be made Into a reproducible suspension with uniform sized 
particles* Various materials have been used. 

A* Natural Materials * 

K Dlatomaceous earth 

Zl Fuller's earth 

3. Kaolin 

4. Naturally turbid waters. 

Such suspensions are not suitable as reprodudbVe standards because 
there 1s no way t* control the size of the suspended particles. 

B. Other* materials 

1. Ground glass 

2. Microorganisms 

3. Barium Sulfate 

4. Lates spheres 

Suspensions of these also proved Inadequate. 
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C. Formazln 

1. A polymer formed by reacting hydrazine sulfate and hexamethylenete- 
tramlne sulfate. 

2. It 1s more reproducible than previously used standards. Accuracy , 
of + one percent for replicate solutions lias been reported. 

3. In 1958, the Association Of 'Analytical Chemists Initiated a standard- 
ized system of turbidity measurements for the brewing Industry by: 

a. Defining a standard formula for making sj:ock Formazln solutions 
and . 

b. Designating a unit of measurement based on Formazln, I.e., the 
Formazln Turbidity Unit (FTU). 

4. During the 1960's Formazln was Increasingly used for water quality . 
turbidity testing. It 1s the currently recognized standard for 
compliance turbidity measuremetrts. 

D. Units , ,/' •* 

1. At first results were translated Into Jackson Turbidity Units (JTU). 
However, the JTU was derived from a Visual measurement using con- - 
centra tions (mg/ liter) of silica suspensions prepared by Jackson. 
They have no direct relationship to the Intensity of light scattered 
at 90 degrees 1n a nephelometer* 

2. For a few years, results of nephelometric measurements using specified 
Formazln standards were reported dlreetly as Turbidity Units (TUs). 

3. Currently, the unit used 1s named according to the Instrument used for 
measuring turbidity. Specified Formazln standards are used to calibrate 
the Instrument and resul.ts are reported as Nephelometric Turbidity 
Units (NTUs). 



VI. SUMMARY 



0 
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The Importance of residual chlorine determination can bd seen 1n its possible . 
effect on the heal th* of the consumers. She Criteria and Procedures for 
Laboratory Certification suggests that Some form of quality assurance should 
be Instituted on a state level to assure valid data for both the^hlorlne and . 
turbidity measurements. The comments on the public responses to the proposed 
Interim Wmary Regulation's ajso Suggests some*form of quality assurance on 
the state level to be 1/istituted. Consequently, the Regional Certification team 
should point out to the principal laboratories the Importance of some kind of 
effort being instituted. States might wish to offer some kind of formal 
training effort' as part of the approval mechanism for the operators doing 
the chlorine and/or turbidity- measurements. 

■137 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES - 

for the 

MEASUREMENT OF FREE pHLORINE UTILIZING THE DPD KIT 



as applied- in 

^ " ' DRINKING WER TRtATMEHT* FACILITIeV 

and in the 

DISTRIBUTION SYSTEMS OF DRINKING WATER TREATMENT FACILITIES 



National Training and Operational Technology Center* 
Office of Water Program Operations 
U.S. Environmental Protection Agency 
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HATER MONITORING PROCEDURE: Measurement of Free-Chlorine Utilizing 

the DPD Kit 



1. Analysis Objectives: 

The actual use of a kit form of the DPD method for chlorine 1s so simple 
a procedure, 1t need not be written. However, the permanent standards, 
whether liquid or solid, must be calibrated. This unit sets down a method 
that can be used to accomplish this. The method 1s applicable to drinking 
waters only for compliance purposes. 

2. Brief Description of Analysis: 

The kit usually contains a comparator which 1s- a holder of sorts to support 
the sample cell and the standard 1n such manner as to allow the operator to 
see both colors and compare their intensities. The operator adds a single 
reagent to the water to 'be analyzed. The color 1s formed immediately and 
a comparison 1s made between the sample and standards. 

3. Applicability of this .Procedure: 

a. Range of concentration - 0.0 to about 3.0 mg chlorine/liter or whatever 1s 
. the highest standard supplied with the kit. 

b. Pretreatment,- the sample may not be preserved; 1t should be run as soon 
•as possible or within one hour after being taken. 

c. Treatment of Interferences 1n Samples: The procedure includes instructions 
for the determination of the Interference caused If oxidized manganes 1s 
present. Other Interferences are suppressed by the make-up of the reagents. 



Source of this procedure: Standard Methods for the Examination of Water 
and Wastewater, 13th ed., pp. 129-132 or 14th ed. pp. 329-334. 
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WATER MONITORING PROCEDURE:' Measurement of FreeXhloMne Utilizing 

the DPO Kit 



Equipment and Supply Requirements 

A. Capital Equipment: 

AnalytlcalTJalance" capable of weighing to 0.1 mg (.0001 g) under 
a 200 g load. 

B. Reusable Supplies: 

« 

1. Chlorine Test Kit (DPO method) such as: 
a. /Model CN-66 

Hach Chemical Company 
PO Box 907 
.Ames, IA 50010 

•b. Model LP-1 ' 
LaMotte Cbemicfcl Products Company 
Chestertown, MO 21620 

/ 

2. Eight beakers, 50 ml size / 

3. Two flasks, volumetric with stoppers, 1000 ml size 

4. Ten flasks, volumetric with stoppers, 100 ml size 
, v 5. One plpet, volumetric, 100 ml slze^ 

One plpet, volpetrlc, 50 ml size • 

7. One plpet, volumetric, 20 ml size ( 

8. Three plpets, volumetric, 30 ml size ' 

9. One dropper bottle, 100 ml size 

10. Two rubber stoppers - to fit comparator cells (1f stoppers are not 
supplied, by manufacturer) / 

s 

C. Consumable Supplies: 

1. Distilled water, about* 1 gal. or 3.8 liters \ • 

2. Graph paper, arithmetic , 10 x 10 divisions - ~ [ 

3. Pencil or pen 

4. Wash bottle, plastic squeeze type 

5. Weighing boat, plastic, disposable 

6. Potasilum Permanganate (KMnO^) 

7. Potassium Iodide Crystals (KI) 

8. Sodium Arsenlte (NaAs0 2 ) 

9. DPO - Reagent (Usually a supply 1s provided with the kit.) 



/ 
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WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing the 0P0 Kit 



OPERATING^ PROCEDUR ES 



A. Reagent Preparation 

1. Stock Potassium 
Permanganate 
Solution 



9 
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STEP SEQUENCE 



1. Heigh out 0.-891 grams of 
potassium permanganate 
(KMN0 4 ). 

2. Transfer the potassium 
permanganate to a- 10Q0 ml 
volumetric flask. 

3. Wash the weighing boat 



4. Pour the washing Into the 
volumetric flask. 

5. Repeat washing two more 
times. 



6. Add enough water to fill 
the flask about half full. 

7. Swirl until the potassium 
permanganate Is dissolved. 

8. 01 lute to the mark on the 
volumetric flask. 



9. Stopper and mix by re- 
peated Inversions. 



J 



INFORMATION/OPERATING COALS/SPEC I FICATIONS 



la, Use an .analytical balance, 
lb. Use a plastic weighing boat. 



3 a. With distilled water. 

3b. Use a plastic squeeze type wash bottle. 

3c. The wash should be about 10 to 20 ml. 



5a. The idea 1s to assyre complete transfer of the 
potassium permanganate into the volumetric flask 
Sfnce potassium permanganate has a strong color, 
wash until no color Is seen In the weighing boat 
containing water. 



7a. If a magnetic stirrer it available, this can be 
used to sav^ time. 

8a. There Is a single ring etched around the neck of 
the flask. When the flask Is filled to this * 
mark, It will contain the volume stated on the 
flask. 



TRAINING 
GUIDE NOTES 



>U2 
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WATER MONIT OR I N6 PROCEDURE: Measurement of Free Chlorine Utilizing the DPD Kit 
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OPERATING PROCEDURES 



STEP SEQUENCE 



) \ 



I NFORMAT ION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. Reagent Preparation 
(Continued) 

2. Intermediate 
Potassium 
' Permanganate 
^ Solution 



3. Standard Potassium 
Permanganate 
Solution 



4. Potassium Iodide 
Crystals 

5. Sodlgm Arsenlte 
(NaAs0 2 ) 



1. -Transfer 10.00 ml of the 

stock potassium permanga- 
nate solution Into a 100ml 
$ flask. 

2. Dilute to the mark with 
.distilled water. 

3. Stopper and mix by re- 
peated Inversions. 

1. Transfer 10.00 ml of the 
Intermediate potassium 
permanganate solution to a 
1000 ml volumetric flask. 

2. Add distilled water to the 
flask. to the mark. 

3. Stopper and mix by re- 
> pea ted Inversions. 

1. No preparation necessary. 

1. Weigh out 0.500 grams of- 
sodium arsenlte. 



2. Transfer t^e sodium 
arsenlte to a 100 ml 
volumetric flask. 



la. Use a 10.0 ml volumetric plpet. 



2a. Add water from a plastic squeeze bottle. 



3a. This solution has a chlorine equivalent of 
1.00 mg/1 In the DPD reaction. 



la. Use a. trip balance or an analytical balance. 

lb. Use a plastic weighing boat. 

lc. CAUTION : TOXIC - take care to avoid Injestlon. 



ERLC 
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SATER MONITORING PROCEDURE- Measurement of Frefe Chlorine Utilizing the DPD Kit 



0 OPERATING PROCEDURES 



ffi. Reagent Preparation 
(Continued) * 



6. Preparation of the 
Starfdard Series 



STEP SEQUENCE 



3. Rinse the^ weighing boat. 

4. Add the rinses to the 
volumetric flask. 

5. Add enough distilled water 
- to fill the flask about 

half full. 

6. Swirl until ttfe sodium 
arsenlte \s dissolved/ 

7. Dilute to th&majrk on the 
volumetric flas*. 



8. Stopper and mix by re- 
peated Inversion. 

9* Transfer to a dropper 
\>bottle, and label. 

1. Prepare a series of dilu- 
tions of the standard 
potafrslunl permanganate 
\ solution In 100 ml 
Volumetric flasks. 



JNFORMATION/GPE RATING GOALStSPECIFICATI 



3a. With Astllled^ater. 

3b. Use a plastic squeeze bottle. 




ul^ station 



There is'a single ring etched around the neck of 
the flask. When the flask Is filled to this 
mark, it will contain the voluir stalW on the 
flask. . 



9a. Label "Sodium Arsenlte. 11 



la* The series .should contain several concentrations 

below and above the expecte^values. 
*tb. The expected value fof drinking water would be 
^ near 0.2 mg/1 of free chlonine. 

lc. The series can be preparfe<Kas follows: 
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OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT I ON/OPE RAT I NG GOAL S/ SPEC I F I CAT I ON S 



TRAINING 
GUIDE NOTES 



Reagent Preparation 
(Continued) 



Col. 1 


Col. 2 


Col . 3 


Col 


. 4 


Col. 5 


ml of 


ml of 


Cone. 


Comparator 


Avg. Value 


CI 


Values 


a + b 


Std. KMn0 4 


Water 


■9/1 


mg cr/l v 


2 mg/1 








a 


b 




0 


100 


0.0 






/ 


10 t 


90 


0.1 1 








20 


80 


0.2 








30 


70 


0.3 








40 


60 


0.4 








50 


50 . 


0.5 








70 


30 


0.7 








100 • 


0 , 


1.0 


= 







Calibration of the 
Kit Standards 



.Fill "the reference tube 
with distilled water. 



2. .Rinse the sample cell with 
the water to be tested. 

3. F111 the cell w1t^ the, 
water to be tested to the 
mark. 

4. Add the manufacturer's 
DPD reagent. 



la. Not all kits have a reference tube, 
lb. Follow the manufacturer's directions for per- 
forming a test with their comparator. 

2a. In this case, one of the standards. 
2b. Read from low to high on the series. 

3a. Host kits nave a line around the tube. This 

Indicates a calibrated volume. The cells shoulS 
, always be filled to thlMttk 



4a. 
4b. 



This 1s usually 1n the form of a powder or a 
tablet. 

This reagent contains both the DPD Indicator 
and the buffer as prescribed 1n the DPD method 
In the "Standard Methods" references. 
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HATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing the DPD K11 



OPERATING PRCCEBURES 



STEP SEQUENCE 



•INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Calibration of the 
Kit Standards 



9 

ERIC 



4i;> 



5. Stopper the cells. 



6. Mix by Inversion.^ 

7. Place cell In comparator, 

8. Hold comparator up te-tfie 
light. 

9. Obtain a match between 
color In cell and 
standard. 



10. Record the value obtained 
from the comparator. 

11- Discard the solution. 



12. Rinse the cell with the 
next standard to be run. 

13. Discard. 

14. F111 to the line with the 
next standard. 

15. Repeat steps 4 through. 11 
for all standards 1 . 

16. Rinse the tube with the 
^ first standard read. 



» - 



5a. 



>£>st manufacturers provide stoppers. If not, 
procure two rubber stoppers. The diameter of 
the tubuler cells varies so check the size needed 




'a, One.lnyerslon will do. 



Rotate disc and/or compare color 1n tube with 
the standard colors. 

Where the comparator has only specific values 
such as 0.2, 0.4, 0.6, etc. If the color Is rjot 
an exact match the mid-point value between the 
two closest colors is used. 



8a. 
9a. 



10a. Along with the known concentration 



16a. The entire series should -Be read again to obtain 

a second value. 
16b. The values should be recorded In Column 4 of 

Table A. 6.1c. 

1 



'iZU 
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WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing the DPO Kit 



C_P3.B-10 t 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Calibration of the 
Kit Standards 
(Continued) 



C. Interference 
Determination 



17. Fill with solution. 

18. Add the reagent. 

19. Obtain a value. 

20. Repeat steps 16-19 for the 
remaining standards. 



17a. Do not add more water or standard. 



19a. Steps 5 through 9. 



20a. By comparing standards of known concentrations to 
the sealed/permanent visual standards and plot- 
ting a comparison on graph paper, a correction 
factor can be derived and applied to all future 
results obtained on the now calibrated apparatus. 

20b. This calibration should be carried out at least 
every 6 months and checked "by running one or two 
concentrations whenever new reagent (powder or 
pill) Is purchased. 



1. Fill the reference tube 
with the clear water to be 
tested. 

2. Rinse the sample tube with 
the water to be tested. 

3/ Discard this rinse. 

4. Fill the cell to the mark 
wjti) sample. 

5. Add one small crystal of 
potassium Iodide/ 

6. Add one drop of sodium 
arsenlte solution. 

7. Stopper the tube and mix 
by Inverting several 
times. J m 



la. This procedure must be carried out until It is 
determined that the Interference Is not present, 
then this section may be omitted. 



4a. Do not overfill; the reagents are based on this 
volume. 



6a. Reagent 



i 
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HATER MONITORING PROCEDURE : Measurement of Free Chlorine Utilizing the DPD Kit 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


C. Interference 
Determination 
(Continued) 


8. Unstopper and add the 
manufacturer's reagent. 

9. Stopper and mix by 
Inversion. 

10. Place cell In comparator. 

11. Hold comparator up to the 

12. Hfttch jonv red cnlnr In the 
iamplfe with the standard. 

13. RM»q^ the value. • 

14. Sibtract this value from 
tile value obtained In 
section D. 


8a. This Is the DPD reagent and buffer. 
14a. Step D.10. ~* 


• 


D. Sample Analysis 

• • 


1. Fill the reference tube 
with the cltear water to be 
tested. 

2. Rinse the sample tube with 
the water to be tested. 

3. Discard this rinse. 

4. Fill with water to be 
testfed. 

5. Add the reagent. 

6. Stopper and mix by 
Inversion. 


la. If a reference tube Is used In the kit. 

4a. Fill to the mark on the tube. Do not over fill; 
the reagents are based on this volume. 

.* 

■» . 


f 

\ 
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HATER M0WIT0R1N6 PfiOCEDURfE: Measurement of Free Chlorine Utilizing the DPD 

o 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMAT IUN/OPE RAT I N6 GOALS/SPECIFICATIONS 


RAINING 
GLADE NOTES 


D. Sample Analysis 
(Continued) 


7. Insert Into the comparator. 

•8. Hold the comparator up to 
the light. 

9. Match the color developed 
1n the sample with the 
standard colors. 

10. Check the calibration 
graph. 


i 

10a. If no deviation has been noted, the concentration 
can be determined directly from the comparator. 




E. Calculations 

V 

f 


1. Average the vajues ob- 
tained for each standard. 

2. Record averages In 
Column 5. 

3. Plot the known value ^ 
(Column 3) vs. the average 
1n Column 5. 

N 


la. Use the formula at the top of Coluwi 5 1n 
Table A.b.lc. 

3a. Use an arithmetic paper. 
3b. See example paper attached. 

* 

-* 
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KNOWN VALUES (COL. 3) mg~Cl"/l 



WATER MONITORING PROCEDURE: "Measurement of Free Chlorine Utilizing 

^ *the DPD Kit * 

* . r ■ 

^ DPD KITS # 

The DPD N.N-d1ethyl-p-phenylene d1 ami nr method was chosen because 1t is a 
relatable test and thefe'ls a test kit. for '1t. It 1s specifically mentioned 
1n the comments to the Interim Prlnieffy^brtnklng Water Regulations (p.*5958Q). 
The kit can' be used' for many of the forms of chlorine. However, the only 
fprm which must be measured and reported 1s the free chlorine. The kit 
requires the addition oY a solid reagent to the sample, m1*1ng and comparison 
of* the reading with standard colors, the color generated by the free chlorine 
and "the DPD reagent Is formed Immediately. 

i - • 

Any kit using the DPD reagent 1s acceptable for the measurement. Both the 
Hach Chemical Company and the LaMotte Chemical Company make kits that can 
be used. * * 

The permanent coltr standards provided with the kit' should be calibrated 
Initially and thereafter periodically to assure correct readings are obtained. 

These kits, are not to be used to monitor chlorine under the permit system 
for the-Nat1onal Pollutant Discharge Elimination System (NPDES). This kit 
1s approved only for analysis Qf chlorine 1n drinking waters under the 
National Interim Primary Drinking Water Regulations. 0k- 



». 



HATER-HOI 



SECTION 
I 

II 
III 

V 

*VI , 
VII* 

« 

VIII 
IX 



INITORING PROC 



IOCEDURE: 



Measurement 
the DPD K1 



t of.F/ee Chlorine Utilizing 
t J ^ 



TRAINING GUIDE 
- Tt)PIC 

, v 
Introduction ^ 

* • 

Educational Concepts - Mathematics 
Educational Concepts - Science 
Educational Concepts - Communications 
Field and Laboratory Equipment 
Field &nd. Laboratory Reagents 
Field and -Laboratory Analysis 
Safety 

> * r » 

Records and Reports • 

V 



6 



P 



♦Training Guide materials are presented here under the headings marked*. 
These standardized headings are used- through this series of procedures^ 
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WATER MONITORING PROCEDURES: Measurement of Free Chlorine Utilizing 

r the DPO Kit * 



FIELD AND LABORATORY ANALYSIS • Sectl6n VII 





TRAININ6 GUIDE NOTE 


REFERENCES/RESOURCES 


C.I .la 

1 

• 

* . 


=5 

The only Interfering substance Hkely to be en- 
countered 1nu*ater,1s oxidized manganese. Conse- 
quently an orator should determine 1f this 
Interfering substance 1s present or not. If not, 
the procedure may be omitted. If 1t 1s present, 
the procedure must be carried out prior to each 
determination. 

« 

7 t 


* 

* 

f ' 


r 
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w * w 

r 
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* * 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 



for the 
DETERMINATION OF TURBIDITY 




as applied in 
WATER AND WASTEWATER FACILITIES * 



0 - 



* * * 
National Training and Operational Technology Center 
Office of Water Program Operations 
U.S. Environmental Protection Agency 
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WATEkM0NIT0RIN6 PROCEDURE: Determination of Turbidity 

' \ ' 

1. Analysis Objectives: 

The user of the attached materia! will learn how to use a nephelometric 
type turbidimeter to measure the turbidity of a sample. 

' 2. Brief Description of Analysis: 

The .method 1s based upon a comparison of the Intensity of light scattered * 
by the sample under defined conditions with the Intensity of 1 1jght scattered 
by * standard reference suspension. The higher the intensity of scattered 
light, the higher the turbidity. j 

A person using this outline should have the basic skills used in a Moratory 
such as: 

a. Preparation of standards ^ 

b. Use of volumetric glassware 

3. Applicability of this Procedure: 

a. Range - Frtxn 0 to 40 nephelometric turbidity units or with appropriate 

dilutions higher than 40 units, 
•b. Pretreatment of Samples - The sample should be run as soon as possible. 

Preservation 1s not recommended. # 

c. Treatment of Interferences - (1) Floating debris should be removed before 
» analysis, (2) a*f bubbles should be allowed to dissipate before reading, 
.(3) with finished waters no other interferences are noted. , 



Source of Procedure: Methods" for Chemical' Analysis of Water and Wastes, 1974, 
Environmental Protection Agency, Office of Technology Transfer, Cincinnati, 
Ohio 45268. Page 295. 
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WATER MONITORING PROCEDURE: Determination of Turbidity 



Equipment or Supply Requirements 

A. Capital Equipment: 

1. Turbidimeter, Nephelometric * see 11st of acceptable Instruments meeting 
the following criteria: 

f • 

a- Light source - Tungsten lamp operated at not less than 85X of rated 
"voltage or more than rated voltage* 

b. Distance traveled by Incident light and scattered light within the 

sample tube: total not to Exceed 10 cm* - ^ 

c. Angle of light acceptance of the detector: centered at 90° to the 
Incident light path and not to exceed + 30° from 90°. 

d. Maximum turbidity to be measured: 40 units* 



Acceptable Instruments* 

• Hach Model 2100 » Hach Chemical Co., 713 S. Duff Ave., 
^ Model 2100 A PO Box 907, Ames, IA SdQiq 

• HF Instruments^ Model DRT- 15 HF Instruments, ltd. 4 ", 105 Healey Rd., 

-100 Bolton, Ontario, Canada 

-150 

-200 



- Turner Model 40-002 (for drinking water) Turner Designs, 2247A Old M1tidlef1eld 
40-005 (for waste waters) Hay, Mountain View, CA 94043 

« 

" Bausch 4 Lomb - An attachment for their "Spectronlc mini 20" Spectrophotometer, 
This can be obtained from any company that sells Bausch and Lomb 
Spectrophotometers. 

♦ 

2. Trip balance (or platform) or analytical balance: with 0.01 gram 
sensitivity 

3. Distillation equipment*- all glass still or 1on exchange cartridges 
.4. Standard Turbidity Suspensions (optional) - If none supplied with the 

fnstrument 

B. Reusable Supplies: * 



A 



1. One brush, bottle ♦ 

2. One flask, side arm filtering, 300 ml size 

3. Six flasks, volumetric, 100ml 9tte with stoppers 

4. One funnel, membrane filter funnel and holder > 

5. Two plpets, volumetr1c,\4 ml size \ s ' d 
Three plpets, volumetrlc,<WLjnl size 1 \ ▼ . 

6. P1pet bulb ~" - y • 

7. Wash bottle, squeeze type, 500 ml 1 

i* , * . 

*Also sold by: Fisher Scientific Co., 711 Forbes Ave., Pittsburgh, PA 15219 

♦This 11st 1S not meant to be complete. It covers those known by the author 

at the time of writing this material. \ ' 
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WATER MONITORING PROCEDURE: Determination of Turbidity 



C. Consumable Supplies: » 

1- Distilled water 
2. Detergent 

3- Menbrane filters, 0-45 micron pore size 

4. Tissues 

5. Weighing boats, plastic disposable, about 12 
6/ Reagents 

Hexamethylenetetramine, reagent grade - can be purchased from: 

J. T. Baker-Chemical Co. Cat. No. N145 

Fisher Scientific Cat. No. H289 

MC/B or Sargent-Welch Cat. No. HX-0280 

A. H. Thomas Co. Cat. No. C389 

Hydrazine Sulfate, Reagent grade - can be purchased from: 

M. T. Baker Cat. No. 2177 

Fisher Scientific • Cat. No. H-320 



HC/I or Sargent-Welch 
A. H. Thomas Co. 



Cat. No. HX-0575 
Cat. No. C393 
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WATER MONITORING PROCEDURE f Determination of Turbidity 1 



OPE RAT I N6 PROCEDURES 


STEP SEQUENCE -, 


INFORMATION/OPERATING GOALS/SPECIFICATIOWS 


TRAINING 
GUIDE NOTES 


A. 61 ass ware 
1. Volumetric 

m 

2. Cells 

• 


\ 

1. Wash with brush and 
detergent. 

2. Rinse with tap water. 

•3. R1*se with turbidity free 
water. 

1. Rinse with Up water, 

> 

'2. Rinse with turbidity free* 
water. ■ 

3. Handle and dry with soft\ 
tissue. 


la. The glassware used for the formazlne preparation 
nay have some polymer adhering to the glass. 
Consequently, the brush should be used to clean 
this off. 

la. Use care 1n handling the eel 4b at all tines Do 
not touch them where the light strlke^lthem. 

lb. Consult the Instrwent manual to determine the 
area where the light strikes the cells. , In Hach 
Instruments, 1t 1s the bottom of the cell; 1n 
the ORT and Turner, 1t 1s the side of the cell. 

2a. See section C.l. ) 

\ 


• 

* 


i 

(|. Sample Pre- treatment , 

i 


1. Measure turbidity as soon 
as possible after 
sampling. 


ja. Preservation of samples 1s not reco^aended. 
1b. Within one hour. 


/II.B.l 

;p. 21) 


1 ~ 

< 

4< 
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WATER MONITORING PROCEDURE: Determf nation oljjicbldity 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Reagent Preparation 

1 . Turbidl ty Free 
Water 



2. Hydrazine Sulfate 
Solution 
(NH 2 ) 2 H 2 S0 4 



s 



I 
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1. Read the turbidity of the 
distilled water. 

2. Filter a quantity of 
distilled water. 



3. Read the turbidity of the 
filtered water. 

4. If the filtered distilled 
water shows a lower tur- 
bidity value, treat all 
water used In this pro- 
cedure by filtration. > 

1. Weigh out 1.00 grams of 
hydrazine sulfate. \ 

2. Transfer the hydrazine 
sulfate to a 100 ml 
volumetric flask. 



3. Swirl the flask until the 
- hydrazine sulfate has 

dissolved. 

4. Dilute with water to the 
100 ml mark. 



la. Use directions under "Sample Analysis" Section. 



2a. Filter using a vacuum membrane filter apparatus 
like that used In the membrane filter technique 
for bacteriological analysis. 

2b. The membrane filter should have a pore size of 
0.45 micrometer. 

J 



4a. If the values are the same, use the distilled 
water without filtration. 

4b. Check the distilled water periodically by fil- 
tration to assure absence of turbidity. 

la. A trip balance can be used, 
lb. Use a plastic weighingboart. 

2a. Use a plastic wash bottle and rinse the weighing 

i>oat with distilled water. 
2b. Add tbe wakings to the volumetric flask. * 
2c. Rinse three times with aboat 15 mi's of water. 



j 
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HATER MONITORING PROCEDURE: WATER MONITORING PROCEDURE 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



3. Hexanethylenetetra 
nine Solution 
(CH 2 ) 6 N 4 



4. Stock Turbidity 
Suspension 
(400 units) 



1- We1gh_out 10.00 grams of 
hexame thy 1 ene tetraml ne . 



2. Transfer the hexamethylene 
tetramlne to a 100 ml 
volunetrlc flask. 



3. Dilute to the nark with t 
distilled water. 

1. P1pet 5.0 mi's of the 
hydrazine sulfate solution 
Into a 100 ml volumetric 
flask. 

2. P1pet 5.0 mi's of the 
hexame thy 1 ene tetramlne 
solution Into the same 
100 ml volumetric flask. 

3. Mix by swirling the flask. 

4. Stopper. 

5. Allow to stand 24 hours. 



6. Remove the stopper. 

7. After standing, dilute to 
the 100 ml mark. 

8. Stopper. 



la. A trip balance can be used, 

lb. Use a plastic weighing boat. 

1c. Also called Methenamlne. m 

2a. Use a plastic distilled water wash bottle and 

rinse the weighing boat three times. 

2b. Add the washings to the volumetric flask. 

2c. Each washing should be about 15 mi's. 



IT 



la. Use a 5 ml volumetric plpet. 
"lb. Always plpet with a plpet bulb, 
are toxic. 



These chemicals 



2a. Use a second 5 ml volumetric plpet. 



5a. The temperature should be between 22°C (72°F) and 
28°C (82°F). 

5b. The formaz1n\ polymer fcfrtas during this time.. 



7a. -With distilled water. 



' WATER MONITORING PROCEDURE : Determination of* Turbidity 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



p. Reagent Preparation 
(Continued) 



5. Standard Turbidity 
Suspension 
(40 units) 



'6. Standard Turbidity 
Suspension 
(4 units) 



ERLC 
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9. Mix well 



1. Mix the stock suspension 
well. \ 

2. Plpet 10 ml of the'stock 
turbidity suspension Into 
a 100 ml volumetric flask. 

3. Dilute- to the 100 ml mark. 

4. Stopper and mtx well. 



1. Mix the 40 unit standard 
thoroughly. 



2. Pipet'lO ml of the 40 unit 
* standard into a 100 ml 
volumetric flask. 

'3. 1)1 lute to the mark. 

4. Stopper and mix. 



9a. Invert the flas l k several times while holding ^the 

stopper in. * 
9b. This suspension has 400 turbidity units. 
9c. This suspension can be kept (when stoppered) for 

one month. 

la. Th1$ material will settle* out rapidly. 

2a, Use a 10 ^volumetric pipet. 1 
2b. Pipet with a pipet bulb. 



3a. With distilled water., \ 

4a. This suspension is defined as 40 turbidity unit?. 
4b. This suspension can be kept (when stoppered) for 
w one week. „ . * 

4c. Never pour the suspension back Into the flask 
after use. . 

\ 

la. By inverting the stoppered flask. 



2a. Use a 10 ml volumetric plpet. 
2b. Use a pipet bulb. 



3a. With distilled water. 

4a. This suspension contains 4 turbidity units. 
4b. This suspension can b^ kept "(when stoppered) for 
one week. 

4c- Never pour the suspension back into tf\e flask 
after use. 
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1 



,E13.C-10 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORAAT I ON/OPERATI NG GOALS/ SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Reagent Preparation 
' (Continued) 

7. Standard Turbidity 
'Suspension 
(0^4 units) 



D. Instrument 
Calibration 



5. Label the volumetric flask. 

>* ' i 

1. Mix the 4 unit standard * 
thoroughly* 

2. F1(iet 10 ml of th? 4' uplt 
standard Into a 100 a) 
volumetric flask. 

3. Dilute to the mark. 

4. Stopper and mix. 



la. By inverting the stoppered flask. 



2a. Use a 10 ml volumetric pipet. 
2b. Use a 1 pipet bulb. H 



3a. With distilled water. 



4a. 



4C. 



This suspension contains HI. 4. turbidity units. 
Jh1s t suspension can be kept (when stoppered) for 
one week. \ 1 # 4 

Never pour the suspension back into the flask 
after use. 



5. Label the volumetric flask. 1 



1. Check the meter needle to 
see that it 1s on the 
zero park. 

2. If it 1s not, zero 1b by 
turning the small scrlew 
located on the meter 
frame. 

3. Turn on the power switch. 



la. This Is done before the instrument 1s turned on. 



1. 



3a. Jhls will sometimes be a separate swjtch or the 
• Instrument 1s turned on by moving the range • 
• selector switch to one of the ranges. 



V.D.I 
(p. 20) 
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WTER* MONITORING PROCEDURE: Determination of Turbidity 



OPERATING PROCEDURES 


STEP*SEQUENCE " 


> 4 

iHFORHATiON/OP&RATING GOALS/ SPECIFICATIONS 


TRAINING 
GO I DEMOTES 


0. Instrument 
Calibration 
(Continued) 


4. On battery powered In- 
struments; check the / - 
batteries. ^ 


.4a. A1J battery powered Instruments have. a battery 
check position. / 
4b. See the manufacturer's manual. * 


\ 

* « 


* 

f 


5. Allow sufficient warm-up ' 
time. 

-> « 


5a. 
5b; 


This time will vaf/wTth the type Instrument., 
Follow the manufacturer's manual* / \ 
>L1ne operated Instruments should be left on if 
thtey are to be used regularly. m * ^ 


* • 


k' 


6. 'Set the range selector 
on the 0-1 sc*le. 










7. Shake the 0.* unit 

standard suspension. ^ 


7a. 


Leave -the stopper in^place and invert 'gently 
several times. > % 






8. Wait until large air 
Rubbles disappear. " 


• 

8a. Do not waif too long or suspension will settle, 
usually only several seconds. f 


« 


X 

« 


9. Pour into cell. 

• V 


9a. With the Hach instruments the volume must be Z5 ml 
♦ 1 m\. On other instruments the volume is not 
as critical so long as the cell is filled to about 
3/4 of Its total volume. 

9b. Take care when handling the cell. Do not touch 

the bottoms of^the Hach cells or the lower half 

of "other type cells. Handle all cells by holding 

the top edges. 

* • 


' J 

t 

« 

4 


r 


10. Wipe the cell sides and 
bottbm with a soft tissue. 


ibp. 


Take care thart it K riot scratched. 


v.o.io • 

[p- 20), 


« 

t 


11 Insert thp rpl 1 1ntn ppII^ 
compartment. 

12. Cover cell compartment/ 

! 


lla. 


Handle near the top' section only. - 




\1 K 






# 


• 
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HATER MONITORING PROCEDURE: Determination af Turbidity 



E13.C-12 



OPERATING PROCEDURES 



STEP SEQUENCE 



1 HFQPitAT I-ON/OPEBf T I NS GOALS/ SPEC IFICATfrONS 



TRAINING , 
GIHDE NOT£S 



D. Instrument 
¥ Calibration 
(Continued) 



x 



13. Allow Instrument to 
Stabilize. * 



14. Turn reference adjust kr*oh 
until the 0*4 mark 1s 
reached. v 

15. Tum the range adjust 
switch to the 0-100 
scale. 

16. Uncover cell compartment^ 

17. Remove standard suspension 



13^ 



9 ■■ 

off sides 



14a. 

15a.. 
15b. 

/ 

*7a. 
17b. 



Usually In. less that) one nlnute. 
Stabilization Is attained when the needle no 
longer .drifts. 

The meter faces vary 1n how they are marked off. 
The user will have* to determine which mark repre- 
sents 0.4 units. \ ^ 

This* step will keep the meter needle from bouncing 
off the ends of the meter scale 
May tie termed the xlO scale. 



Handle near the top of the container. 
Retain this standard for future use. 



18. Wipe off sides and bottom 
of the manufacturer's 
standard with a soft 0 
tissue. 

19. Insert the manufacturer's 
reference suspension. 



£0". CoVer the q»ll compartment 

21. Turn range adjust switch 
-.to 0-1 scale. 

22. Allow the Instrument to 
stabilize. 



7 



19a. 
19b. 



If more than one, use £he suspension that 1s . 

nearest to 0.4 units. 

Handle near the top' section only* 



V.D.19a 

20) 



23- Rea<Lthe-*wrb1dUy. 



23a. 



If a discrepancy with ±he expected reading exists, 
take* note of this readjpg and proceed.. / 



9' 
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HATER MONITORING PROCEDURE: DetgrminaHnn 0 f Turbidity 



— — ! — 

OPERATING PROCEDURES 



$TEP SEQUENCE 



I NFORMAT ION/OPERAT I NG GOAL S/ Sf EC I F I CAT IONS 



TRAINING 
GUIDE NOTES 



D. Instrument" 
Calibration 
(Continued) 



.J 



4 ad 



24. Turn the range switch to 
the 0-100 sca^e. 

I 

25. Uncover cell copipartaent. 

26. Renwvviwnufacture^s 
standard. • „ 

27. Shake formazlne^standard. 

28. * Wipe with tissue. 

29. Insert Into cell 
compartment. 

3^ Cover compartment. 

31 . Allow Instrument to 
stabilize. 

32. Turn range switch to 0-1 
scale. ■ - L 



33*JJ 



lead the turbl 



ty. 



27a. The standard used 1n step 11 



33a, 



33b. 



33c 



If It still reads 0.4 units, there 1s a d1s- * 
crepancy between the formazine and the manlfac- * 
turer's standard. Note should be taken offhow 
much and whenever the manufacturer's standard 1s- 
used to calibrate the Instrument, this discrepancy 
should be added or subtracted from Its value. 
If 1t no longer reads/ 0.4, use the reference. ad- 
Just knob and recalibrate by turning the, reference 
adjust knob until the 0.4 mark 1s reached. Then 
repeat thesevsteps beginning at step 15. 
Rinse the efell *1th the next material to be read. 
When finished, rinse with turbidity free water. 
Store as manufacturer suggests. 



\ 
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WATER MONITORING PROCEDURE: Determination of Turbidity 



E13.C-14 




D. Instrument 
Calibration 
(Continued) 



\ 



E. Sample Analysis 



347 The formazlne standards 
should berUsed at least 
once/week tQ monitor 
manufacturer's standard 
forchange. 

35. For future calibration of 
• the 0-1 scale, the manu- 
facturer's standard' can be 
used. 



1. Turn on the instrument. 

2. Aflow warm up time. 

3. Check batteries. < 

4. Fill a ceTl wltfr the 
sample*. ^ 

5. Wlpe^slde and bottom of ' 
cell. 

6. Allow bubbles to disperse. 



7. Set the range selector 
on 0-100 scale. 

8. Insert cell Into cell # 
- compartment. 

9. Cover the cell compartment 



35a. Taking care to allow for any discrepancy noted 
1n step 33. 

35b. ATI ranees on the Instrumerft must be calibrated 
1n this 'same manner. 



3a. If the 1nst»»ument 1s battery operated. 
4a. Fill about three' fourths of the capacity. 



S 



6a. A light tapping with a finger will speed up 
this procedure. 



0 
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• s . MATER MONITORI NG PROCEDURE: Determination ofjpir.bldlty 



OPERATING PROCEDURES 



E. Sample Analysis % 
(Continued) ~ , 



Eiyc 



STEP SEQUENCE 



10. Select Ahe range that ^1^1 
1 .keep the sample's reading 
on scale and read the 
; turbidity, 

ll^Note which scales used. 




12. Set range selector pri 0-l(ft 
range., 

13. Uncover cell compartment 

14. Remove sample. 



15. Sfelect a manufacturer's 
standard. 



16. Wipe off side and bottom, 

17. Insert Into cell 
' compartnfent. 

18!^over ceU. 



19. Allow Instrument to 
stabilize. 

20. Select range used in 
step 10. 



I NFGRMAT I ON/OPEftAT I NG GOALS/SPECIFICATIONS 



11a 

lib, 



If the value Is greater than 40 unltsf the sample 
must be'dtfflted before 1t can be read. 
All samples below 40 'units should be' read on the 
scAle that gives the greatest movement of the 
meter needl^pnd remains on scale. 



\ 



15a* Depending on >the manufacturer, the standard could 
be a ^ImpTe.stipird or a set of standards. 
Choose the stanaard that will be 1n-the &ame range 
as the sample. 



J 



.TRAINI 
IDE NOTES 



/ 



If So 
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WATER MONITORING PROCEDURE: Determination of Turbidity 
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OPERATING PROCEDURES 



E. Sample Analysis 
(Continued) 



STEP SEQUENCE 



21. Adjust refai^nce adjust 
knob until/standard's 
value Is obtained. 

22. Turn range selector to - 
0-100 scale. 

23. Uncover cell compartment. 

24. Remove standard. 

25. Insert the cell containing 
0 the sample. 

2*. Cover the cell compartment. 

27. Set scale on range used In 
step 10 and 20. 

28. Allow Instrument to 
stabilize. 



29. Read turbid} ty.. 

30. Repeat steps 15 through 20 



31. Turn range selector to 
0-100 scale. 

32. Uncover cell compartment. 

33. Remove cell. 



INFORMATION/OPERATING GOALS/SPEC I FICATIQNS 



21a. 



Hake any change of standard concentration found 
necessary In step D.33. 



25a. 



C^re should b4 taken not to touch the cell except 
at the top. If It has been touched anywhere 
else, Wiethe cell off. 



30a, 



If the Instrument has drifted, from the_va\ilr set 
In step 21, recalibrate by adjusting the reference 
adjust knob and reread the samples turbidity, 
beginning at step 21, * 



TRAINING 
GUIDE NOTES 



ERLC 
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WATER MONITORI NG 'PROCEDURE: Determination of Turbld^y 



OPERATING PROCE DURES 

E. Sample Analysis 
(Continued) 



/. Calculations 



STEP SEQUENCE 

34. Insert next sample or if v 
no more samples are to be v 
read, continue on. 

*5. Cover compartment: 

} 

36. Turn pff instrument. 



37! Hash out cells with 
turbidity free. water. 

38. D<y cel\ with soft * 
tissue. 

39. Store -cells as manufactur- 
er recommends. 



1. Calculate the turbidity 
of the sample. 



34a. 



36a. 



INFORMATION/OPERATING GOALS/SPECJFICATIONS 

If more saroptes are to be .analyzed, repeat 
steps 4-10, ctiecklng for Instrument drift by 
checking standardization occasionally. 



If line .operated, leave power «n If Instrument 
is to^be used within a reasonable time. 



la. 
lb. 



Calculation 1s necessary only where the sample 
was above 40 units and had, to be dllited. ^ 
If no dilution was performed, then tHe turbidity 
of the sample Is read directly from tSe face of 
the metSr. 



TRAINING 
GUID f NOTES % 



fX.Fj?c 
\ 2)) 



4 5 J 
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WATER MONITORING ^OCEDURE: Determination of Turbidity 
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OPERATING PROCEDURES 



F. Calculations 
(Continued) 



i 



r 1 • 



O r. 

ERIC 



STEP SEQUENCE 



1 



2. Multiply scale reading 
'.tines the dilution 
factor. 



3. Report the results.. * 



JO 



I+IFORMAT I ON/OPE RAT LAG GOAL S7 SPEC I F 1 CAT 1 0NS 



2a. That 1s Ax (B+C) 

C I 

Where B i volume of turbidity* free Wfcter used , 
to dilute the sample (mi's) 

C 3 the volume of sample used*(ml's) 

A « the turbidity units o«^the dilution 
read on theSmeter staw . 

2b.^ Example: 

If 2 ml ^ Of sample were diluted to 10 mi's with 
turbidity free Water and the dilution had a 
scale reading of 30 units, then 



A « 30 
« B - 8 

C - 2 



/ 



10 



x 3Q « 15p turtHdlty units (TU's) 



3&. Report as follows: 




TURBIDITY RANGE" 


RECORD TO THE 


' NTU or TU 


NEAREST NTU or TU 


0-1.0 / 


, 0.65 


1-10 \ , 


- 0.1 


10-40 


1 


• 40-100 


5 


1QD-40Q 




400-1000 


\ • 50 


>10O0 


10Q 



TRAINING 
GUIDE NOTES 
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WATER M0NIT0RIN6 PROCEDURE: Determination of Jurbidlty 

TgAIgING 6UIDE , 
. " TOPIC ' s 



SECTION 

% 

II 
III 
. IV 
V* 
VI 

VII* J 
VIII 



IX* 



•Introduction f 

Educational Concepts.^ Ma thematfcs 
Educational Concepts - Science 
Educational Concepts - Communications 
Field, arfd Laboratory Equipment 
Field and Laboratory Reagents 
Field and Laboratory Analysts 
Safety 

Records and Reports 



V 



4 



r 



*Tra1n1ng-%1de materials are presented here under the headings marked 
These standardized headings are used through this series of procedures 



MATER MONITORING PROCEDURES: Determination of Turbidity 



FIELD A/ID LAflORATdRY EQUIPMENT 



Section V 



TRAINING 6UIDE{N0TE 



REFERENCES/RESOURCES 



0.1 



J 



0.10 



0.19a 



.1 



Calibration of any nephelometric turbidimeter should 
be done using the standard .turbidity suspensions . j 
prepared as described lift the Reagent Preparation 
Section. Many manufacturers provide^ secondary 
standards with purchase of these Instruments, 'it 1s 
well to check this by comparing it to a dilution of 
the standard turbidity suspension. 

Sfnce the maximum contaminant level 1s usually §ne 
turbidity unit, dilutions of the standard ti/rb 4 1dity 
suspension should be made and calibration of the 
Instrument carried out on the scale rifear this value. 
However* each scale of the turbidimeter and each 
secondary standard should be calibrated against the 
standard suspension (fomzlne) . 

The. sample cells to be used with the instruments s 
must be of clear colorless glass. They should be 
kept scrupulously clean both Inside and out, and 
'discarded when they become' scratched or etched. 
Some manufacterers claim. scratched cells are not a 
.problem, However, this should be verified. > They 
must not be hindled at all where the light strikes 
them, and should be long enough so that they may be 
handled by the top. 

This procedure wlW calibrate the 0-1 scale and 
those standards providechby the manufaaturer that \ 
can be read ott that* scale. If other scales are to ' 
be used, insert a standard suspenslQn (formazine) / 
that was nqde up in x the Reagent Preparation Sectiop 
that can be read on the scale! of interest and set 
the reference adjust knob to the value. 



J 



\ 
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WATER MQWIT0RIN6 PROCEDURES: Determination "of Turbidity 



FIELD AND LABORATORY ANALYSIS 



Section VII 



V 



TRAINING GUIDE NOTE 



REFERENCES/RESOuRCES 



B.I 




Turbidity 1s o^of the parameters classed as a* 
health UmltTn the Interim Primary Drinking Water 
Regulations. Public water systems are required to 
measure fcfr turbidity dally. The comments t to the 
Interim PMnury Regulations (p, 59581) Indicate 
that turbldrty measurements were .Intended to be 
carried out by the operators of the public water 
system. This fntent was due to the fact that 
preservation of the sample was not possible. 

The location at which the sample 1s to be taken is 
listed 1n the Interim Primary Regulations as the 
Int of entry to the distribution system. 
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WATER MONITORING PROCEDURES: Determination of Turbidity 



RECORDS AND REPORTS 



Section IX 



F.2c 



f 



TRAININ6 GUIDE NOTE 



The faces of the meters are labeled *s NTU, TU and 
FTU. These are: . 

NTU - Nephelometric Turb1d1ty„ Units 
TU - Turbidity Units 
FTU - Formazlne Turbidity Units 

These units are considered as being the same/ 
Express all values obtained as TU's for drinking 
waters and as NTU's for wastewaters. 
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REFERENCES/ RESOURCES 
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A PROTOTYPE FOR DEVELOPMENT OF . 
ROUTINE ANALYTICAL PROCEDURES 
for the. 

DETERMINATION OF CHLORINATED HYDROCARBON PESTICIDES 



Y 



as applied in 
POTABLE WATER TREATMENT FACILITIES 



V 
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"WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

Operational Procedures - # 
A. Glassware 

$♦ Reagent Preparation J> ^ , 

C. Instrument Set-up . j 

1. Gas Connection 
Z. Detector Installation 
. 3. Leak Check 

4, Column Conditioning V_ 

D. Instrument Calibration 

E. Standardization of the Sodium tydrojclde * 

F. Fl oris 11 Preparation 



1 . Laurie Addr Val ue JJeterml nation 

2. Testing for Proper ElutlorT Pattern 

G. Sample Extraction 

1. Pretreatment 

2. Extraction 

3. Concentration • 

H. Sample Clean-up 

I. Sample Analysis 

J. Calculations k 
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WATER MONITORING PROCEDURE; Determination of thlorlnated Hydrocarbon Pesticides ■ 
1 • -Objective: 

To detennine the con<jentrat16n of the chlorinated hydrocarbons, as listed 
• 1n the Interim Primal Drinking Water Regulations, 1n water samples* 

2. Description of the Analysis: 

A measured water sample 1s extra cTel^f 1th an organic solvent. This v 
chlorinated hydrocarbon containing solvent Is then concentrated to a ' 
volume of 1 ml. A small volume (10 ul) 1s Injected Into a gas chromato- 
graph and the amount^of chlorinated hydrocarbon present 1s quantitated. 
Should there be Interferences present* a method 1s given to. separate .the 
. chlorfnated hydrocarbon from the Interferences. The equatibns^for cal- 
culating the yl/Hter concentration of chlorinated hydrocarbon are glvep. 

This method it recommended for use only be experienced pesticide analysts 
or Under the close supervision of such qualified persons . 

The person attempting to use this outline should have a basic knowledge of. 
gas chromatography. Among these skills should be ' 

a. proper Injection technique * J 

b. proper quantitation technique of the peaks 

t c. knowledge of retention times and relative retention tljnes 

d. basic kn^fcfcdge ^f the theory and operation of x -a gas chromatograph 
' e. basic chemical skills, such as pipetting, solution preparation, etc. 

3. Applicability 6f this Procedure: * „ 

■ a. Range of Concentration . - 

ManjKof the chlorinated hydrocarbons, can be" detected at .001 mg/ltter 
' quantities. Of those listed 1 rv the Interim Primary Drinking Water 
/ Regulations, Lindane, fTndrin and Methoxye+tljur can be determined at this 
level. . Ustng.the concentration Inherent In^rhe procedure this level can 
be lowered* Toxaphene, also listed in tfie Interim Prim&y Regulations, can 
be determined bpt 1s somewhat more difficult* 

b. Pretreatment of Samples • * 

Upon collection of tfie sample temperature should be -lowered 'to 4° C with 
ice and maintained at th ^temperature until analyzed. The maximum holding- 
time 1s 14 da^s. fc W t 



1 
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WATER M0NIT0RIN6 PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

3. Applicability of this Procedure (Continued) 
c. Treatment of Interferences 

A This outline Includes a clean-up procedure Involving separation on a, 
Ror1s11 Column. Inclusion of method blanks during all runs will 
Indicate Interferences due to Impure solvents and reagents. 




X 

f 

j 



Source of Procedure: "Method for Organochlorine Pesticides 1n Industrial 
Effluents, EMSL, National Environmental Research Center, Cincinnati, Ohio 
45268." 

. ' / 
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Run Std. 
Nix 








Detm. 
Det. Limit 








Extract 
Sample 





Inject 
Sample. 



Compare with 
Std. Curves 



If no interf. 
calc. cone/ 



Prepare 

Elutibn Column 



Detm. 'Laurie 
Acid Value 



Elul 
Sam| 


te 
3le 






Tnji 
Elu; 


set. 
ites 



Calc. 
Cone. 
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■ HATER MONITORING PROCEDURE : Determination of Chlorinated Hydrocarbon Resides 

^ Equlpmen^and Supply Requirements 

A. Capital Equipment: 

1. ' Gas Chromatograph equipped with ^ 

' „. « 

a. Glass lined Injection port . 
. b. Electron capture detector - tritium or nickel 63 
• c. Recorder - potentlometrlc strip chart (10 1n - 25 cm) compatible 
-with the detector 

2. Gas Chromatographic Column (best purchased from gas chromatographic supply house) 

y a; Tublnq - Pyrexia) cm lonq (6 ft.) x 4mm ID) .„ 
\ b. Glass. Wool - S1ian1zed 

c. . Solid Support - Gas Chrom Q (100 - 120 mesh) 

d. -^,1qu1d Phase - Expressed as weight percent coated on solid support 

. 1) 0V-1, 3X 
2) OV-210, 5X 

3 OV-17, 1.5X plus QF-1, 1.95X 
4J-QF-1, 6X plus SE-30, 4X 

3. Hot Water Bath - Capable of keeping temperature at 50° - 100° C 

4. Source of high quality distilled water 

5. Rotometers - If the Instrument Is not equipped with meters tfi monitor 
the flows of gases, these should be purchased as options 

6. Analytical Balance - With a 0.1 mllflgram sensitivity 

7. Trip or Platform Balance - With a 0.1 or^.01 gram sensitivity 
8.. Oven - Capable of maintaining- 130° C 

9. Stop Watch - Capable of measuring at least 1/2 hour, the 60 second cycle 
divided to 1/5 second 

10. Cylinder of Argon-methane (95 + 5X) for usjriitK plhsed mode detector OR 
Nitrogen - Purified grade, moisture and oxygen free, for use with a DC 
mode detector \ 

11. Pressure Regulator - Two stage with a CGA 580 fitting for Nitrogen or a^CGA 
350^ fitting for Argon-methane 

12. Filter - For carrier gas - molecular sieve type 
13«J11cro Syringes - 5, 10, 50 ul sizes 
14. pHlMeter -*W1th pH electrode 
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WATER MONITORING PROCEDURE: Determl(^'t1on of Chlorinated Hydrocarbon Pesticides 



Equipment and Supply Requirements (Continued) . . ' 

15. Magnetic Stirrer with Teflon coated bar * 

* 

16. Oven (optional) - Forced air capable of heating to 400° C * 
• 17. Trap - for jycygen 

( 

B. Reusable Supplies: x , 

1. Beaker, 150 ml - One for each sample - duplicate - blank 
2/ Beaker, 500 ml - One for each sample - duplicate - blank 

3. Buret, 10 ml graduations - One . y 

4. Buret, 25 ml graduations - One I 

5. Chromatographic Column - Chromarflex (400 ran long x 19 mm ID) With coarse 
fritted plate on the bottom and Teflon stopcock and a 250 ml reservoir 
bulb at. the top of the column with a flared out funnel shape at the top 
of the bulb, (special order Kontes Glass - K-*20540-9011 ) - One for each . 
sample— duplicate - blank 

, 6. Chromatographic Column - Pyrex (about 400 ran long x 20 mm ID) with coarse 
fritted plate on bottom - One for each sample - duplicate - blank 
7. Cylinders, graduated , 
10 ml*- One 

50 ml - Three < 
100 ml - Two 
250 ml - Two 
1000 ml - One 

Dropper Bottle, with dropper, 75 ml - One 
Flasks, Erlenmeyer 

-25 ml, glass stoppered - One 1 V 

125 ml, glass stoppered - Two 
250ntil ,.*g7ass stoppered - One 
50Q ml, glass stoppered - One 

1000 ml, glass stoppered - One for each sample - duplicate - blank 
10. Flasks, volumetri9 
10 ml -Five 
100 ml - Three 
\ 3 500 ml - Three 

M\ Funnels, Separatory, with Teflon stopcock, 200 ml - One for each sampler- 
duplicate - blank * * 
12* Glassware, Kuderna-Danish (K-D), order from Kontes Glass Company 

a- Concentrator Tube, 10 ml calibrated, J jtfint 12/22 female, IK570050, 
Stze 1025 (. - 

b. Snyder Column, thre* ball, 150 ran long? #K503000, Size J 21 , 

c. Snyder Column, one ball, 150 ran long, #K569001, Size 1/19 

d. Flask, 500 ml volume, AK570001 

e. Stoppers for flask, I Size 19/22, IK850500 
One for each sample - duplicate - blank 

13. Pipeti, graduated 
1 ml - Two 

10 ml - One - 
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MATER MONITORING PROCEDURE: -Determination of Chlorinated Hydrocarbon Pesticides 
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Equipment and Supply Requirements (Continued). , 

14. Plpets, volumetric 

. l*ml - One * e . 

5 ml » One 
10 ml - Two 
20 ml One 

15. Reagent Bottles, glass, glass stoppered ^ s 
100 ml - One 

500 ml - Four 

1000 ml - One x / 

16. Ring stand with ring and clampfand base - One for *ach sample - duplicate 
blank w 

17. Ruler," divided -1b millimeters, about 30 cm long 

18. Stirrlilg Rod, glass, 12 1n. long 

19. Safety 61 asses 

20. Bottle, glass, wide-mouth, with glass stoppe/, 500 ml - One 
21 Desiccator -s 

C. Consumable Supplies: 

1. Alcohol, ethyl, U.S. P. or absolute neutralized to phenol phthaleln (see 
Reagent Preparation "Section) 

2. Ethyl ether, Nanograde, pesticide quality ■* 

3. Flbrlsll, PR.Srade (60-100 mesh), purchase activated at 1250° F. Store ■ 
*fn the dark 1n glass containers 

4. j£exane, Nanograde, distilled 1n glass 

5. tayrlc Acid, purified, CP 

6. Methylene Chloride, Nanograde, distilled 1n glass. 
7-^Pest1c1de Standards, reference grade" * 
8. Petroleum Ether, (boiling range 30-50° C) Nanograde (98+ % pure) 
'9. Phenol phthaleln Indicator 

lO^Soap Solution, any Liquid "soiip mlxeo^l:! w4th water 
^4TT5od1um Hydroxfde,- ACS W A 
12. Sodium Sulfate, ACS, 6ranu1af£falthy^rous % 
' v 13. Sulfuric Acid, ACS 

14. Distilled Water " % 

15'. Weighing 8oats, plastic disposable *J 

16. Chart Paper, for the recorder 

17. Notebook, bounil « 
,^8. Paper, graph 1 
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OPERATfWG PROCEDURES 
A. Glassware Preparation 



STEP SEQUENCE 

1. Clean all Glassware. 

2. Wash with soap and water. 

3. Rinse with tap water*. * 

4. Rinse with distilled water 

5. Muffle at 400° C for 15 to 
30 win. 



6. Cool to room temperature, 

7. Store yntll used. 



I ^FORMAT ION/OPE RAT I NG GOALS/SPECIFICATIONS 



3a. At least 10 tlmes.^ 
4a. At least 10 fc t1mes. 

5a. Volumetric glassware «hou1d not be muffled. 
5b. Ma|t>c ware and cap liners for sample containers 

should not be muffled. 
5c. The glassware may be rinsed with redistilled 
• acetone followed by a rinse with pesticide 

quality hexane 1n place of the muffling. " 



7a. Store Inverted or cover mouth with aluminum fo'tl. 
7b, Sample containers should be stored tapped. 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 

1. Ethyl Ether (6%) 
1ft Petrol mm Fthor 



1. Use caution with this * 
solvent. 

2. Add about 100 ml of 
petroleum ether to a 250 
ml graduated cylinder. 

3., P1 pet 12 ml of ethyl ether 
Into the graduated 
cylinder. 

4. Dilute to' 200 ml with 
petroleum ether. 



ta. Prepare and use 1n a>e1J~¥e*t44*ted area, 
lb. Prepare Just before use. ^ 



4a. In the* graduated cylinder. 



ERJC ( 
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WATER MONITORING PROCEDURE : Deternl nation of Chlorinated Hydrocarbon Pesticides 



OPERATINfl^PRCCEDURES 



STEP SEQUENCE 



I NFORMAT I ON/OPERAT I NG GOAL S/ SPEC IFICATIONS 



TRAINING 
GUIOE NOTES 



B? Reagent Preparation 
(Continued) - 

2. Ethyl Ether (15*) 
In Petroleum Ether 



3. Alcohol - Ethyl 
Neutralized to 
Phenol ph thai el n 



4. Phenol phthaleln 
Indicator 



ERIC 
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5. Mix with a long glass 
stirring rod. 

1. Use the above directions 
except 1n Step 3, plpet 
30 ml of ethyl ether. 



1. Measure 500 ml of alcohol 
Into a 1 Uter^Erlenmeyer 
flask. 

2. Add 3 drops of phenol - 
phthaleln Indicator. 

3. Titrate with 0.05 N Sodium 
Hydroxide until a pale red 
color 1s obtained. 

4. * Store 1n glass stoppered 

reagent bottle. 

1. Weigh out 1.0 g of the ^— 
phenol phthaleln Indicator. 

2. Transfer to a 100 ml 
volumetric flask. 

3. Dissolve 1n Aout 50 ml 
eth^l alcohol. v 

4. Dilute to the mafic with 
distilled water. 



5a. Do not store this solution. 
Immediately. 



la 



Prepare and use 



For water supply monftorlng for the pesticides 
listed 1n the Interim Primary Regulations only 
the 6t and 15X should be needed. However, 1f 
wastewaters are belog monitored a 50% eluate will 
have to be prepared and used. 
lb. Do not store this solution. 



la. Use a trip balance. 



< 



\ 
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HATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 



E20-12 



OPERATING PROCEDURES 



STEP SEQUENCE 



1 HFORHAT I ON/ QPE RAJT NG GOALS/SPECIFICATIONS 



la. Use an analytical balance. 



2a. Just add hexane to the volumetric flask until 
half full. 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
v (Continued) 
». Laurie Acid 
SoTutlon (2t W:V) 



6. Methylene Chloride 
In Hexane 



netnyi 



1. Weigh out 10.000 g of 
laurlc add, 

2. Add about 250 ml hexane to 
a 500 nl volumetric flask. 

3. Transfer the laurlc add 
Into the 500 ml vol ume trie 
flask, 

4. Wash the weighing container 
with several smll portions 
of hexane and add to the 

itrlc flask. 



v olume 

°m 



ve the laurlc add. 



6. ' Dilute to the nark with 

hexane. 

7. Mix thoroughly. 

8' Store 1n a glass stoppered 
bottle. 

1 . Add About 200 nl hexane 
to a 500 nl graduated 
cylinder. 

2. Measure 75 ml of methylene 
chloride. 

3. Add the methylene chloride 
to the hexane . 



6a. 1 nl • 20 mg laurlc acid. 



2a. With a graduated cylinder. 



9 
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HATER MONITORING PROCEDURE; Determination o£,Chlor1nated Hydrocarbon Pesticides 



OPERATING >RCCEDURES 



B. Reagent Preparation 
(Continued) 



7. Sulfuric Add 
(H 2 S0 4 ) 1:1 (V:V) 



8. Sodium Hydroxide 
(NaOH) 10 N 



ERiC 



5iO 



STEP SEQUENCE 



4. Dilute to the mark with 
hexane. 

5. Mix. . 

6. Store in a glass., glass 
stoppered bottle. 



1 . Add about 25 ml of * 
distilled water to a 100 
ml volumetric flask* 

2. Measure 50 ml concentrated 
sulfuric add 1n a 100 ml 
graduated cylinder. 

3. Add the sulfuric add to 
the volumetric flask. 

4. Dilute to the mark. 

5. Cool. 

6. Check to assure the volume 
1s still on the mark. 

7. Store in a glass stoppered 
bottle. 

1. Weigh out 40 g of Sodium 
Hydroxide. 

2. Measure 100 ml of water. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. Caution: Use safety glasses. 

2b. Do noi add wa^er^to acld; follow the procedure. 

3a. The solution will' get hot; cool to room tempera- 
ture before proceeding. 

4a /With- distilled water. 



6a. If not, add water to mark. 



la. Use a trip balance. 

lb. Weigh out in a 250 ml Erlenmeyer flask. 

2a. In a graduated cylinder, 



/ 



TRAINING 
GUIDE NOTES 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

i K 



E20-14 



OPERATING. PROCEDURES 



STEP SEQUENCE" 



INFORMATION/OPERAT ING GOALS/ SPECIFICATIONS 
t - 1 1 1 - 



TRAINING 
fiUIDE NOTES 



6< Reagent Preparation - 
(Continued) ♦ 



9. Sodium Hydroxide 
. (NaOH) 1.0 N 




• 10. Sodium Hydroxide 
(NaOH) (0^5 N) 



ERJC 



3. Add the water to the 
Erlenmeyer flask. 

4. Swirl to dissolve* 



5. Stopper the flask with 
a rubber stopper and 
label. 

f. Weigh out 20 g/of sodium 
hydroxide. 

2. Transfer the NaOH to a 50O 
ml Erlenmfeyer flask. 

3. ' Measure 500 ml of water. 

4. /Add<ithe water to the * 
y Brjeitfieyer flask. 

5. Swirl to dissolve. 



1 

6. 

1. 
2. 



Stopper the flask with a 
rubbery topper and label. 

Add about 250 rolf3Ts tilled 
watelr to 4 500 mK 
volumetric flask. \f 

Transfers ml of the 1.0 N 
NaOH to the volumetric 



3a. The solution will get hot; cool under cold water 
3b.- Use safety glasses. 

4a.*0o not stopper and Invert to m1x.V\ 
4b. Use a stirring rod or magnetic stfrrsr and 
Teflon coated bar. 

5a. Do not stopper urilesVcool. 



la. Use a trlptbalanc*. 

lb. Weigh out 1n a plastic. weighing boat. 



3a. Use a 500 ml qraduated cylinder. { 

<la. The solution wlftget hot; cool under. 

cold*Water^ 0 
$b*Use safety glasses. ^ * r - * 



^Wrsi 



not attempt to stopper and mix by Inversion, 
se a Stirring rod or a magnetic st1rrer/and 
Teflon coated bar. 



6a. Do not stopper unless cool, 



2a, Use a 25 ml vo)umetr1c p1 pet : 
1 « * 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pestlcjdes 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE N0TES\ 


d. Keagent preparation 
(Continued) r - 


«j. Dilute to tne mark. 

4. Mix thoroughly. 

5. Store 1n a glass, rubber 
stoppered, bottle. 


f 


i 


11 . Sodium Sulfate 


1. Weigh out 1.0 gram of the 
sodium sulfate. 


la. Use a tV1p balance. 

lb. Weigh 1n a 150 ml beaker. 




• 


2. Add enough methylene 
chloride - Hexane 
(Reagent 6) to cover the 
ip» sodium Sulfate. 


» - 

; 






^ fcHv 

JTnqi a • 


1 




4. Decant reagent. 


4a, Take care not to Include any sodium* sulfate. 




\ 


o • i njejc t iu yi or me soi vent 
Into the gas jfhromatograph. 

# o. i i con taminateQ proceed as 
below. 


t>a. After retention times and optimization nave oeen 
determined/ $ 

oa. ion lamination id snown pea Kb 01 £ iiuies uie 
noise level are obtained. 




0 


7. Weigh out about 100 g of 
sodium sulfate in a 500 ml 

UcdKcr. 


7a. Use a trip balance, weigh 1n the beaker. 




\ 


8. Place beaker and sodium 
sulfate 1n an oven. 


8a. The oven should be preheated to 400° C. 






9. Heat the sodium sulfate 
for 4 hours at 400° C. 


• > 
* 
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WATER MONITORING 



/ *ROCEPURE: 



Iteter«1nat1on of Chlortnated Hydrocarbon Pesticides, * ) 

V 



E20-16 

1 > 











OPERATING PROCEDURES 


STEP SEQUENCE 


I NFORMAT I ON/OPE RAT4 H6 GOALS/SPECIFICATiONS 


TRAINING 
•GUIDE NOTES 


B. Reagent Preparation 
(Continued) ^ 


10. Remove fro* oven and place 
1n a desiccator and allow 

to COO I • 


10*. Use tong^to handle the? hat beakers. 
10b, Be sure the deslccant 1s activated. 


* « m 




11. Transfer to a wide-mouth 
glass s towered bottle. 








12. Store In the bottle 1n a 
desiccator. 


• 1 




12. Pesticide Standards 

* 

♦ 

; - 


1. Consult Tables* ] and t 

s 

■■ St 


< ■ 

la* In order to properly calibrate the Instrument 

* both qualitatively (Retentional ues) and > 
quantitatively (Detection Units) single 
standard and a Mixture containing all the 
pestlctdes of. interest should be made. \; 

II), .The amount weighed out to each compound was 
kept at Iff mg 1n order to have a weight which 
fould be accurately weighed yet using the 
* \ smallest amount of compound possible. 

1c. After weighing out 10 fig and preparing 10 ml of 
the stock solution of v each pesticide, proceed 
toward the right of the table and make two 
-dilutions as directed. 

Id. Use table Z for preparing two mixtures. Mixture 
1 1s used to prepare the column. Mixture 2 
will be .used to determine the -standard curves* 


I.B.12 ' 

* m 

\ 


» 

• ; ■ - . i 


• 


V 

* 


i 

i 
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\ DIRECTIONS FOR DILUTIOff TABLE 

ffforder to properly calibrate thftjnstrument both qualitatively (Retention 
Values) and quantitatively (Detection Limits) a single standards and a mixture 
containing all the pesttctdes of interest should be made* 

The amounts weighed out of each compound was kept at 100 mg in order to have 
a weight which could be accurately weighed yet using the smallest amount of 
compound possible. v 

Aftir weighing out and diluting^the stock solution of each pesticide, proceed 
toward the right of the chart- Making dilutions as directed, 

USe Table 2 for preparing two mixtures- Mixture 1 is used to prepare the 
Column- Mixture 2 will be used to determine the standard curves- 





TABLE ( 1 

r f 

■ / 

i— • - , ' . 



Compound ' 


Stock 

i 


Dilution 1 


Cone, ng/1 


- Dilution 2 « 


Cone, ng/1 


Lindane 


9 

10 ng 


4 nl stock 


JO 


1 nl 011. 1 


0.4 




10 nl* 


100 nl** 




ifo nl 


- Endrln 


10 ng 


2 nl stock 


OA 


1 nl D11. 1 


0.2 




100 nl* 


100 nl**- 




100 nl 


4tetho)^ychlor 


10 ng 
10 nl** 


,1n1 stock 


« 10 


None 


Non^ 




' 100 nl** 








AldHn. 


1G ng. 


1 nl stock 


10 


1 nl 011. 1 


0.1 


" — 


10 nl* 


100 nl** 




100 nl 


r 


Toxaphene 


10 ng 


5 nl stock 


50 


1 nl D11. 1 


0.5 




id nl* 


100 JBl** 




100 nl 





* Hake stock SQlutlonsJrt 2.2.4 iTrl methyl pentane (Isooctane). 

* Use hexane for all dilutions of th% stock. 



5i;/i 



TABLE 2 



Compound 


^ Add to tl 
Amount m] . 


Mixture 1 
le sane 5 ml vo 
Dilution No. 


1. flask 
Cone, igq/1 


Add t 
•Amount ml. 


use Hexane for 

o the same 100 ml vol 
Dilution No. 


all dilutions 

. flask ' 
Cone, mg/1 


— i 


1.0 


Stock ^ 


' 200 




1 (40 mg/1) 


0.4 


Endrln 


1.0 * 


Stock 


« 

200 




1 (20 mg/1 ) 


0.2 


Methoxychlor 

j 


1.0 


Stock 


200 




* Stock, (1000 mg/1) 


10.0 


Aidrln 


1.0 


Stock 


200 




v. 

1 (10 mg/1) 


0.1 


Toxaphene 

• * 


J 1.0 


Stock 


200 


* , 


1 (50 mgVl ) 


0.5 



1 
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MATER H0HIJ0R1N6 PROCEDURE : Determination of Chlorinated Hydrocarbon Pesticides 



E20-20" 



OPERATING PROCEDURES 



STEP SEQdENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
IDE NOTES 



C. Instrument Set-up 
1. Gas' Connection 



Z. Detector 
Installation 



3. Carrier Gas Leak 
Check 



1. Remove cylinder cap from^ 
cylinder of carrier gas* - 



2. Install the pressure 
regulator. 



3. Connect the cylinder to 
the Instrument* 



1. Install the electron 
capture detector. 



1. Open master valve on the 
cylinder. 

2. Adjust regulator control. 



3. Close carrier gas control 
valve on the Instrument. 

4. Turn off master cylinder 
valve ~ 




la. The tank should be chained to the wall or lab 
bench. 

lb. Use Argon-methane for pulsed mode detector or 

Nitrogen for detector operated 1n a DC mode. 
, Consult the manufacturer's manual. +< 

9 

2a. The regulator should Have a CGA 350 fitting 

for Argon-methane or for Nitrogen. 
2b. .Fitting should be tight to a CGA 350 fitting 

to prevent leaks. 

)3a. Use teflon tape on all metal threads to prevent 
leaks. 

3b. Pol ethylene (1/8" diameter) tubing can be used. 
3c. Ifyglastlc tublhg 1s MsedJ n^lon ferrules 
^"tfiould be used wlttrthe connector fittings. 

la. This can4>* of the tritium or nickel 63 type, 
lb. See the manufacturer's manual on procedures for 
installation. 



2a. To about 65 ps1g and allow to stabilize (about 
• 1 minute). 



J 



V.C.I 
(p. 45) 
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WATER MONITORING PROCEDURE: 



Determination of Chlorinated Hydrocarbon Pesticides 



OPERATING PROCEDURES 



. STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Instrument Set-up 
(Continued) 



4. Column 
' Conditioning 
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5. .Observe gage on the 
cylinder. 



6. Use soap solution and 
check for leaks at the 
Injection port and column 
Connections. 

1. Install packed column 1n 
the oven by connecting 
only the column Inlet. 



2. A f4ow of carrier gas 

should be started through 
• the detector. 



3. Begin a low flow of 
carrier gas through the 
column. 



4. Walt 5 minutes. 



5a. Pressure should not drop more than a few ps1g. 
5b. If the pressure does drop use soap solution to 

locate leak. 
5c. Correct leak and check again. 



la. These columns should be purchased and meet the 

specifications as listed under the equipment 

section. , 
lb. Column conditioning 1s essential to eliminate 

column bleed and to provide acceptable analysis, 
Ic.-Do not connect the column to the detector. 
Id. If 1n doubt as to column Installation refer to 

the manufacturer's manual. 



2b. 



2a. Use the purge gas line or 1n dual column oven 
by connecting an unpactetff column to the detector. 
In some systems 1t may be"necessary to 
temporarily connect the carrier gas to the air 
or hydrogen Inlfet 1n order to get a flow to the 
detector. The manufacturer manual should be 
consulted. 




3a. Less than 60 ml/m1n.(N40-50] > 
3b. Removes oxygen and, other trapped gases. 
~3c. This will be two separate flows. The column 
shouldlnot be connected to the detector. 
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HATER MONITORING PROCEDURE: * Determination of Chlorinated Hydrocarbon Pesticides 



E20-22 



OPERATING 'PROCEDURES. 



C. Instrument $et-up 
(Continued) 



9 

ERLC 



STEP SEQUENCE 



5. Turn on power .to th^oven. 



6. Adjust column temperature 
to near the maximum re- 
commended temperature for 
the liquid phase being 
. used. 



7. Continue heattog for 
2 hours. 

8. Reduce tem(&ature to 
about 40° C*belpw 
maximum temperature. 



9 - Allow column. temperature to 
^flqjllbrajte. % 



10. Check carrier ga,s flow. 



11. Allow to remain at < 
temperature and flow for 
one hour. 



t 



I NFORMAT ION/OPERAT I NG .GOAL S/ S£EC I F I CAT IONS 



5aV Consul manufacturer's manual for location and 
• necessary steps. % - • 

- V 
6a. r Column Max.. Temp."\/> 

- 0 C " 



OV-17.4 QF-1 
OV-210. 



-0V-1 
*QF-1 



& SEt30 



250 
275 
350 
250 



^8a, S$e table above (6a). 



9a: Minimum of 30 minutes 

9b. Caution; Bleed qff of the liquid phase will 
occur 1f the tcf^j^ temperature 1s not fully, 
equilibrated. 




10a, Abouf 50 ml/m^if; 

10b. If the InstrumeAKdoes not come Equipped with 
rotameters, to mJntoK.the flow rate of the 
carrier gas this should be purchased 1 as an 
1 opt^rn. « 
10c, The* pressure regulator on the cylfhder should 

-be set at 65 p$1g. 
lOd. The electron capture , detector must be Installed, * 



"TRAIN TNG 
GUIDE' NOTES 



V.C.6.D 
(p. 45) 



527 



MATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

. ' / 




OPERATING /KOCEDURES 



STEP- SEQUENCE 



^ INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C*. Instrument Set-up 
(Continued) 



523 



12. Increase tempera turfto 
about 20 * C above 
operating temperature. 



13. Continue the same flow of 
carrier gas. 

14. Allow to equilibrate for 
24-48 hours. \ 

15. Turn off^ven and .allow 
to cool to room 
temperature. 

16. Adjust carrier gas flow to 
method flow rate. 

17. Connect column to the 
detector. 

18. Turn on overrana adjust to 
method column temperature. 

19. Allow the Instrument to 
equilibrate at least one 
hours . 



^2a. This 1s operation temperature not maximum 

— temperature. 
12b. These temperatures wotrid be 

200° C for the OV-17 and QF^l and the 

QF-1 & SE-30 

OR 

200° C for the OV-210 and the OV-1. 



14a. Caution: Da not exceed maxlmunr recommended 
temperatures. See 6a. this section. 



16a. 60 »l/m1n. for the OV-17 & QF-1 and OF-1 & SE-30. 
70 ml/»1n. for the OV-210 and OV-1. 

17a. Check connection with soapy solution. 



18a. 200° C for the OV-17 & QF-J land the QF-1 & SE-30, 
180° C for the OV-210 and the OV-t. 



19a. Preferably overnight. 



5 I J 
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MATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 



E20-24 



OPERATI NG p'rOCEDURES. 



STEP SEQUENCE 



I NFORMAT I ON/OPE RAT I N6 GOALS/SPECIFICATIONS 



TRAINING 
6UIDE NOTES 



D. Instrument 
Calibration 
1. Optimization 



2. Retention Time 
Determination 



1. Check instrument operating 
conditions after the 
instrument has been set-up 



2. Inject 5 ill of standard 
mixture 2- • 



a\j 



ust the operating 
parameters to achieve 
optimum^results. 



1. Inject 5 ul of dilution 
2 (Table 1) of the 
standards one at-a-t1me. 



530 



la. The oven temperature should be stabilized. 

lb. The flow rate constant. 

1c. The column conditioned. m 

•Id. The flow system checked for leaks. 

2a, This standard Mixture was prepared from the 

stock standards (Table 2). 
2b. The actual volume of material Injected should be 

kept constant. That is, the same for standards 

and Staples. . 
2c. The standard mixture 2 can^be used to optimize 

the Instrument initially arxT thereafter monitor 

its perfprmance. 

3a. Best resolution (separation of peaks) and 
retention times can be achieved by adjusting 
the column temperature and/or the carrieHgas . 
flow rate. * 

3b. Compare results with the standard chromatograas 
attached. 

3c. Cautior* should be taken to allow the instrument 

to equilibrate after any changes. 
3d. Optimum results would include good separation of 

the peaks, good sensitivity, good reproducibility 



f,D.1.3a 
[p. 45) 



la. 



lb. 
1c 



Id. 



The Individual standards lindane, endrin, 
methoxychlor, aldrin, and toxaphene should be 
used. 

Dilutions of the Individual standards can be 
prepared from the stock solutions as in Table I 
Injection is a technique which must be learned 
and practiced in order to make accurate and 
reproducible injections. 
The analyst should consult a text on gas 
chromotography or a syringe manufacturer's 
literature. 



VII. 0.4 
(p. 46) 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 



OPERATING PROCEDURES ' 



STEP SEQUENCE 



I NFORMAT I ON/ OPE BAH NG GOALS/SPECIFICATIONS 



:bai|i 



TRAINING - 
GUIDE NOTES 



In^fctument 

Calibration 

(Continued) 



3. Detection Limit 
of the Instrument 



With a stop watch measure 
the/ time elapsed between 
the^first appearance of 
the solvent peak and the 
peak of the known 
standard. . % 

Repeat steps 1 and 2 six 
more times. 



Inject 5 yl of a single 
pesticide standard. 



2. Continue with each, standarc 
by dl lut1n r g the last 
standard concentration 
run 1n half and Injecting 
S yl portions until a 
detection limit 1s obtalnec 

3. The peak height 1n milli- 
meters should be used and 
plotted against the known 
concentrations to produce 
a standard curve. 
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2a. This time Is called the retention time, 
2b. After the retention times have been obtained 
using single standards, the mixtures should 
be used to determine that no changes In retention 
time occur. 



3a. At least 7 repeat times should be obtained and 
the mean value obtained for each pesticide. 

3b. If In subsequent Injections, the retention times 
vary significantly (t 2%) the system should be 
checked over. 

la. Begin with Dilution 2> Table 1 of each, 
lb. The standards need not be carried through 

the extraction and concentration steps to 

develop a standard. curve. 

,?a. The detection limit is usually considered as a 
standard whose peak-Is 2 times the highest peak 
caused by noise and is run at the most sensitive 
setting of the Instrument. 



3a. The curve produced can be used to select the 
concentration of standard to be injected to 
calculate the concentration of an unknown. See 
calculation of results section.) 

3b. To select the concentration to be used to 

calculate the unknown, first note the peak height 
of the unknown. Second refer to this/standard 
curve and find a concentration which gave the 
same peak height and Inject 1t into the 
Instrument. This should provide a standard 
very close to the sample peak height to use In 
the calculat4ons. 



V.D.3.2 
(p. 45) 
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WATER HON I TOR I KG PROCEDURE: .Determination of Chlorinated Hydrocarbon* Pestlcfdes. 

. • ' — 



OPERATING PROCEDURES 


STEP SEQUENCE 


« 1 £ *, 
INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


E. Standardization of 
SodluB Hydroxide 

i 

» • 

■i 


1. Weigh out 100 ng of laurlc 
add. 

2. Quantitatively transfer 
to a 125 nl Erlenmeyer 
flask. 

3. Dissolve with 50 nl \ 
ethyl alcohol . j 

4. Add 3 drops phenoTphthalelr 

5. Titrate with (0.05 N), 
sodlun hydroxide. 

6. Calculate ng laurlc add/ 
■1 0.05 N NaOH. 


f 

la* Oh aa analytical balance. \ 

^ \ 
. * \ 

3a* Neutralized to phenol phthaleln (See B.3). 1 

% 

* % 

5a. See reagent section for preparation. 
5b. Until a pink celor persists. 

6a. mg laurlc acW 100 ng laurlc add 
nl of 0.05- N NaOH * number of ml needed 

< - to titrate {from Step 6). 

6b. See calculation section J.l for use. 

— — f : . 




F. FloHsIl Preparation 
1. Laurie Add Value 
Determination 

i 


1. Place 2.000 grams of 
F1or1s1l 1n a 25 nl glass 
stoppered Erleifoeyer flask. 

2. Cover the flask loosely 
with foil. 

3. Heat overnight at 130° C. 

4. Stopper and cool to room 
temperature. 


la. Heigh on an analytical balance. 'A 

s 

4 

* 

J ' ' ' ' 

* / 


VII. F.l 
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HATER MONIT ORING PROCEDURE: Detenolriatjon of Chlorinated Hydrocarbon Pesticides 

v 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


F. Flor1s1l Preparation 
(Continued) / 


5* Remove stopper and add 
20.0 ml of laurlc add 
solution (reagent 5). 

6., Stopper the flask! 

7. Swirl Intermittently for 
, 15 minutes* 


5a. Use a 20 ml volumetric p1peT>- 

7a. A gentle swirling of the flask 1s sufficient. 
7b. Jh1s 1s to assure contact of the florlsll with 
the laurlc add solution. 


< 


* 

* l._ 


8. Allow the floHsIl to 
settle. 

9>P1pet 10.0 ml of the 
Supernatant Into a 125 ml 
Erlenmeyer flask. 


9a. Use a 10 ml volumeteHc plpet, 

9b. Supernatant 1s thexlear liquid standing above 

the settled, absorbent. - 
9c. Avoid Inclusion of any florlsjlv^ 




I 


10. Add 50 ml ethyl alcohol. 

11. Add 3 drops of 

phenol phthaleln Indicator. 


10a. Neutralized to phenol phthaleln . 
lOh. See reagent section for preparation. 

11a. The solution should remain colorless. ^ 


• 




12. Titrate wtth 0.05 N Ha OH 
to a permanent red color. 


12a. Those Individuals not familiar with procedures 
for titration should consult a procedure on the 
use of a buret. ' 




f 

f 

53B 


13. Calculate the amount of » 
1 auric add absorbed by 
the florlsll. 


i<m. ine calculation wi 11 ue Touna unoer the 
calculation section of this procedure. . 

13b. This laurlc add value roust be obtained for each 
new batch of florlsll purchased. Then an 
equivalent Weight of the- new batch can be 
calculated to obtain values similar to the old 
batch. 
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E20-28 



OPERATING PROCEDURES 



F. FloMstt^Preparatlon 
(Contl nued) 

2. Testing for Proper 
Elution Pattern 



j 



STEP SEQUENCE 



14. Store the rest of the , 
florlsll.. 

1, Weigh out the determined 
amount of florlsll . 



2. Pour the florlsll Into the 
chromatographic column. 

3. Tap the column lightly to 
settle the florlsll and to 
level Its surface. 

4. Add about one-half Inch 
of sodium sulfate to the * 
top of the florlsll 1n 
the column. 

5. Add 40-50 ml of petrol euro 
ether to the top of the 
column. 



6. Time and rate of passage 
of the petroleum ether 
through the column. 

7. Remove the container used 
to collect the petroleum 
ether. f , 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 
' — 0 



14a. In glass bottle with glass stopper kept In the 
dark 1n an ovfcn at 130° C. 

la. Determined from the laurlc acid value of the^ 

batch of florlsll. — ^ 
Tb. Usually about 10 to 15 grams, 
lc. See the calculation section (J. 2). 

* 2a. The column should meet the specifications listed 
1n the.equlpment section. 

3a, The column should not be packed so tight as to 
Impede solvent flow. 



4a, This should be the anhydrous, granular, ACS grade 
4b , Should be pre-conditioned by heating at 400? C 
for four hours (Sefc B.ll). 



5a, This Is used to pre-wet the column. 

5b. The column may generate heat as 1t 1s wet by the 

solvent. Let cool to room temperature before 

proceeding, 

5c, This solvent can be collected In ai^^ype of 
contifritjer and need not be saved. 

ta. This elution rate should be set at about 5 ml - 
per m inute. 

6b. m^pfc 10 ml graduated cylinders and a stopwatch. 

7a. This should be done while a small level of 
solution 1s still above the sodium sulfate 
layer. 



TRAINING 
GUIDE NOTES 



VII. F. 2 
(p. 46) 
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WATER MONITORING PROCEDURE : Determination of Chlorinate^ Hydrocarbon Pesticides 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAfl ON/OPERATING GOALS/SPECIFICATIONS 




Florlsll Preparation 
(Continued ) 



:er|c 



5M 



Place a clean 500 ml K-D . 
flask equipped with a 10 
ml graduated ampul under 
the column. 

Just prior to the exposure 
of the sulfate laypr to 
the air add" 10 ml of 
mixture 2. 



10. 



11 



Rinse container wltJf 
of petroleum ether/ 



10 ml 



Add 200 ml of the 65! ethyl 
ether In petroleum ether 
solution. 



12. Collect the 200 ml 



\ 



8a. Some portion of the petroleum ether will be 

collected. 
8b. K-D Is a Kuderna-Danlsh. 



9a. See the reagent preparation Section (B. 12, Table 
2). 

9b. The sulfate surface should not be allowed to dry 
^ between additions of the mixture and the 
following eluates. 

10a. Add the rinse to the column. 



lid. Measure in a graduated cylinder. 

lib. If prepared just prior to- use by the directions 
given 1n the reageat* preparation section, only * 
200 ml w1lT be prepared and can be completely 
transferred td the column. . ^ 

11c. Add small portion slowly to bring liquid level 
to the top of the florlsll column then add the 
rest. 

12a /Close the column's stopceck b^ore the sulfate 
layer 1s exposed to the air. 



13. Ada 200 ml of the 15X ethyl 
* ether-petrol aum ether 

solution. 

14. Immediately replace the 
500 ml. K-D flask with 

^ — another clean. one. J 
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F. Flor1s1l Preparation 
(Continued) 



STEP SEQUENCE 
15. Collect the ISXeluate. 



16. Just prior to the sulfate 
layer befng exposed add 
200 mT of ethyl ether. 



17. Immediately replace the 
500 ml.K-D flask with 
apother clean one. 

18. Collect the ethyl ether 
elution. 

19. Insert a Snyder col iron 
Into each flask. 

20. Concentrate each elution. 



21. Remove the fla>k from the 
ampul . 



22. Rinse the walls of the 
• atopu} . 

23. Stopper the Ampul. 



15a. There will be a small overlap; 1n tM1s case a 
smaJl portion of the 6% will be collected 1n the 
15X flask. Again close the stopcock to prevent 
exposure of sulfate layer to the air. 

16a. For wastewater or 1f other pesticides are to be 
monitored other than those listed 1n the Interim 
Primary Regulations, a 50X ethyl ether 1n 
petroleum ether elution would be carr1e<j ogt 
at this time followed by the straight etKyl 
ether elution. 



?0a. Use the procedure under sample concentration, G.3. 
^ through 6. 



21a. Rinse bottom of flask and lower glass joint Into 
the ampul. 

22a. Rinse tojflnal volume of 10 ml. 
22b. Use a 5.(TCr^lass syringe. 



ERIC 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


F. Florlsll Preparation 

( Pnn M nnoH \ . 

Vvsuniinueu/ * 
» 


24. Inject 5 yl of the 
fractions . 

25. Compare retention times'^ 
with standards run In 
Section 0.5. 


24a^ / Jhe pattern will be 6% eluate 
r Aldrln-Llndane-Mettioxychlor-Toxaphene, 15% eluate 
\ Endrln, Ethyl ether and anything Teft on the 
J "column. 

25a. If agreement Is not attained, check the instrument 
operational parameters (Section D.l). 




6. Sample Extraction and 
Concentration 

1. Pre-Treatment 

2. Extraction 

■ 

m 

544 


t 

1 . Blend the sample. 

2. Adjust pH to 6.5 - 7.5 . 

1 . Measure out 1 liter of 
sample. 

2. Transfer to a 2 liter 
* "separatory funnel . 


la. This Is usually not required for drinking waters. 

2a. Use\)X sulfuric acid or 1.0 N sodium hydroxide. 

2b. Use a pH meter to measure the pH. 

2c. Usually not necessary for drinking .waters . 

la. Use a 1 liter 'graduated cylinder. 

lb. Experience witfl the sample source will Indicate 

1f smaller volumes should be used. If smaller 

volunes are used they should be diluted to 1 

liter volume before extraction, 
lc. A 1 liter volume of distilled water should be 

carried through the entire ]Jhocedure along with 

each sample batch to serve as a method blank. 
Id. The standard mixture 2 to be used as a check on 

the curve ID.3.3J must also be carried through 

this procedure. 0 
le. Duplicate analysis of the samples are recofimended 

to be carried out. 
If. Surface waters sometimes require larger volumes. 

2a. Use a 2 liter size In order to have room to 
obtain p|pper mixing. 


W 

* 

VII .G. 2. If 

(p. 46) 
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OPERATING PROCEDURES 


STEP SEQUENCE 


: J 

INFORMATION/OPERATING G0ALS/SPECIFICA\l0NS ' 


TRAINING 
GUIDE NOTES 


G. Sample Extraction and 
Concentration 
(Continued) 


3. Add 60 ml of the methylene 
chlorlde-hexane mixture 
(Reagent 6) fcrthe 
separatory funnel . 

4. Shake vigorously for two 
minutes. 

5. Return to holder and allow 
mixtures to separate. 

6. Prepare the anhydrous 
sodlun sulfate col mm. 

1 \ Remove the stopper from 
tne separatory runnel . 

8. Drain the water layer Into 
, a one liter Erlenmeyer 
flask. 

< m 


3a. Use the 60 ml to rlftse the sample ^container (if 
empty) and the graduated cylinder. 

4a. Pressure may build up In t'he separatory funnel. 
Invert, with stopper tightly In place, open 
stopcock slowly to relieve pressure, do thl^ 
several times during shaking. 

5a. The water layer will be on the bottom and the 

methylene chloride - hexane on top. 
5b. The holder Is some type support, such as a ring 

claused to a ring stand. 

6a. Add 3 to 4 Inches of anhydrous sodium sulfate to 
the chromatographic column (Pyrex, approximately 
400 m lona x 20 ran I.D. with a coarse frit on 
the bottom). 

6b. Th£ column should be placed 1n a support such as 

a clamp attached to a Ting stand. 
6c. Position the bottom of the column well Into the 

neck of a 500 ml Kuderna-Danlsh flask with a 10 

ml graduated ampul attached to the stand. 
6d. The sodium sulfate should have been heated at 

400° C for four hours In an oven (Section B.U). 

8a. Keep the water layer for further extractions. 


\ 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 



OPERATIHG PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



G. Sample Extraction and 
Concentration 
(Continued) 



ERLC 




9. Pour the organic 
(methylene chloride- 
hexane) layer Into the 
sodium sulfate column. 

10. Collect the orgarMc layer 
aft^TNt has passed 

>uglj the column in a 
my Kuderna-Danlsh 
fK-Oy flask with a 10 ml 
attached. 

11. Return the water phase to 
ieparatory funnel. 

12. Rl/se the B^enmeyer flasl 
wi/th a second 60 ml 

/rtjon of the methylene 
ilorlde-h^tane solvent. 

TrSisfer the second 
+ portion of the methylene 
chloride-hexane solvent 
to the separatory funnel. 

14. Put stopper 1n place. 

15. Shal^ vigorously for two 
minutes . 

16. Repeat steps 5 and 7 
through 1 1 . 



9a. Pour from the top of the separatory funnel. 
9b. Use a funnel at the top of the column to help 
transfer sample Into column. 



t 



15a. Release pressure periodically. 



16a. Step 6 does not* have to bef done again. Use the 
same column. 

16b. Collect the second organic layer (methylene 
chloride-hexane) In the same K-D flask. 



5 4 J 
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.OPERATING PROCEDURES 



6. Sample Extraction and 
, Concentration 
(Continued) 



3. Concentration 



STEP SEQUENCE 



17. Perform the extraction 
procedure with a third 
portion of the methylene 
chlorlde-hexane solution. 

18. Rinse the sodium sulfate 
column three tiroes with 
10 ml volumes of 
methylene chlorlde-hexane 

1. Insert a condenser Into 
the K-D flask. 

2. Place K-D flask In a 
holder above a boiling 
Water bath. 

3. Add small boiling chip. 

4-. Lower the ampul Into the 
water. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 




17a. Steps 12 through 17. 

17b. All three 60 ml organic extraction portions are 
coBfcined in the K-D flask. 



T8a. Collect la the K-D. flask. 



la. Condenser - Snyder column - three- ball 



4a. The^ater level should be maintained below the 
lower joint (where the ampul connects to the 
flask). The lower rounded surface of the flask 
should be bathed In steam. 

4b, Surrounding the flask with aluminum foil will 
help. 

4c. The evaporation must not go to dryness. The 
analyst should stay with the flask. 



TRAINING 
GUIPE NOTES 



Hater lr Level 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GQAtS/.SPECIFICATrONS 



TRAINING" 
GUIDE NOTES 



Sample Extraction and 

Concentration 

(Continued) 



ERIC 
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5. Allow the solvent to 
eyaporate. 



6. Concentrate to about 1 ml 
volume. 



7. Remove from the bath. 

8. Remove the three ball ~ 
condenser from the flask. 

9. Rinse the lower joint of 
the column Into the afnpul . 

10. Insert a micro Snyder / /~ 
column (one ball) into the 
ampul . 

11. Return to the water bath. 



12. Boil and reduce the volume 
to about 0.2 to 0.5 ml . 



13. Cool. 

14. Remove the micro column. 



5a 7 Evaporation should be adjusted so that the 
""solvent vapors are rushing through the condenser, 
5b.\forn£fotrt the evaporation .In a hood. 
SC. \herie should be no splashing at the top of the 
cWimn or flooding of the chambers. 

* 

6a. This will be 1n the ampul. However, after 
cool1ng>solver>t that has remained in the Snyder 
column will drain back into the ampul and raise 
the volume to above I ml . * 



9a. Rinse with hexane. 



11a. Caution: When using the micro column, the analyst 
should constantly watch the samples as they are 
heated. They must 7K)t go to dryness. 

•v 

12a. Do not allow to go to dryness. 
12b. After cooling the volume will increase by about 
0.1 ml by the solvent draining back into the 
ampul . 
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.OPERATING PROCEDURES 



T 



6/ Sample Extraction and 
■ Concentration 
(Continued) 

' • •< 



4 t 




STEP SEQUENCE 



15. Rinse the lower joint of 
the Column Into the ampul. 



16: Dilute to the final volume 
of 1 Hi 



1 



17. Stopper to prevent further 
evaporation. 

18. Inject 5 yl of this ' 
concentration into the gas 
chromatograph. 



19. If interferences are 
present proceed to the 
clean-up section r 

20. If noninterferences are 
present and pesticides are 
determined * proceed to the 
calculation section. 



INFORMATION/OPERATING GOALS/ SPE^f I CAT IONS 



15a. Use aL 10 yl syringe. 

15b. The rinse should be about 0.1 to 0.2 ml: 

15c. Caution: Do not go abave 1 ml. 

16a. fctfth hexane. 

16b. This would .include samples, check standards, 
duplicates aod method blanks. 



18a. 



18b. 



This chromatogram will provide the analyst with 
the information for further need of concentration 
or clean-up; 

Interferences in the form of distinct peaks ami/ 
or high background will indicate further cleaff-up 
is necessary.* # 



19a. See next section (Section H). 



20a. If a standard of a concentration at the drinking 
water MC has been carried through. the procedure 
and gives quantitatable peaks, the analyst can 
express his value as less than his djjtection ^ 
limit if J>e has ob ^alned^ jro peaks ti^ffe sample. 

20b. Both the sample and duplicate s^oul d produce the 
same results. 

20c. Sectiotfj. 



TRAINING 
GUI BE NOTES 
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OPERATING PROCEDURES 



H. Sample Clean-Up 




STEP SEQUENCE 



1. Weigh out the determined 
amount of florlsll . 

'/ 

2. Pouf^the florlsll Into the 
chromatographic column. 

3. Tap the column lightly to 
settle the florlsll and to 
level Its sjrrface. 

4. Add about on£-half Inch of 
sodium sulfate to the top 
of the florisil In the 
column. 

5. Adjust the. sample(s) 
vri ume to 10 ml . 



6. Add-40-50 ml of petroleum 
g ether to the top of the 

* column. 



7. Time the rate of passage 
of the petroleum ether 
through the column. 

8. Remove tfie containerised 
- to collect the petroleum 

ether. 



INFORMATION/OPERATING TiOALS/SPECI FICATIONS 



la. Determined from the laurlc aq.1d value for this 

batch of florlsll. 
lb. Usually about 10 to 20 grams, 
lc. See calculation section (J. 2). 

2a. The column should meet the specifications listed 
In the equipment section. , 

3a. The column should not be packed so tight as to 
Impede solvent flow. 

4a. This should be the anhydrous, granular, AC'S grade 
4b. Should be pre-conditioned By heating at 4Qp° C 
for four hours (See B.ll). 1 



5a. A column must also be prepared for the method 

>w blank, the Standard chetk and each duplicate 

1 being run A 

Sb. Use hexahe. • 

6a. This Is used to pre-wet the coluim 

6b. The column may generate heat as It Is wet by the 

solvent. Allow to codl to room temperature 

before proceeding. , 
6c. This solvent can be collected In any type of 

container and need not be saved. 

7a. This elutlon rate should be set at about 5 ml 

per ftinute. c 
7b. Use a lip ml graduated cylinder and a stopwatch. 

8a. This should be done' while a small level of 

^jolj^rori is s till above the sodium sulfate layer. 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 


STEP SEQUENCE # 


I NF0RMAT I0N/0PE RAT I NG GOALS/ SPEC IF I CAT I ONS 


TRAINING 
GUIDE NOTES 


H*. Sample ihean-Up 
(Continued) 


9. Place a clean 500 ml K-D 
flask eauiDoed with a in 
ml. ampul under the column. 


9a. Some portton of the petroleum ether will be 
co I i ec tea . 






In ilu^kt nrinr tr\ tht* ovnncuro 

IUt wUjI y% IUI wU WIC CaPUjUi C 

of the sulfate layer to 
the air quantitatively 
transfer the sample 
extract Into the column. 


iua, ine sulfate should not be allowed to dry between 
additions of^hi sample or future eluates. 

10b f Hash the ampul with three 5 ml portions of 

petroleum ether and transfer each wash Into the 
column. 






11. Rinse container with 10 ml 
of petroleum ether. 


11a. Add the rinse to the coluran. 




r 

9 

\ 


12. Add 200 ml of the 6% ethvl 
ether 1n petroleum ether 
solution. 


* - / 
itfli neas ure in a grauuaucu cylinder. 
12b. If prepared just prior to use by thje directions 

given 1n the reagent preparation section, only 

cw mi wi 1 1 oe prepared and can be completely 

transferred to the coldran. 
12c. Add small portion slowly to bring liquid level 

to the top of the flbrlsll column then acid the 

rest. 9 




■ 


13. Collect the 200 ml 


I3a f Close the column's stopcock before the sulfate 
layer 1s exposed to the air. ' 






14. Add 200 ml of the 15X ethyl 
ether-petroleum ether 
solution. 

15. Immediately replace the 
500 ml K-D flask with 
another clean one. 

> 


> 

• 


t 




* 


X 


1 
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OPERATING PRCCEDUkES 



H. Sample Clean-Up 
(Continued) 



ERIC 



STEP SEQUENCE 



16. Collect the 15% eluate. 



17. Just prior to the sulfate 
- layer being exposed add • 
200 ml of ethyl ether. 



18. Imnedlately replace the 
500 ml K-D flask with 

> . another clqan one. 

19. Concentrate the elutlon 
volumes In their 
respective flasks. 

20. Remove the flask from the 
ampul . * 

21. Rlnse^wer portion of 
* the flask and glass joint. 

22. Obtain a final volume of 
10 ml. 

23. Stopper~the am£ul. 

£4. Injact 5 yl of the 
fractions. 



INFORMATION/OPERATING 60AL S/ SPEC I F ICAT ION S 

16a. There will be a small overlap; in this case a 
small portion of the 6* will be collected In the 
15X flask. Again close the stopcock to prevent 
exposure of sulfate layer to the air. 

17a. For wastewater or if other pesticides are to be 
monitored other than those listed In the Interim 
Primary Regulations, a 501 ethyl ether In 
petroleum ether elutlon would be carried out 
at this time followed by the straight ethyl 
ether elutlon. 



19a. Use the procedure under Sample Concentration-, 
(G.3), Steps 1 through 6. 



24a. See F.23a. 



TRAINING 
GUIDE NOTES 



5r 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GQ^LS/SPEC IFICATfONS 



TRAINING 
GUIDE NOTES 



I. Sample Analysis 



1 . Check Instrument 
parameters. 



2. Inject 5 yl of standard 
mixture 2. 

3. Determine If response has 
changed for the standards. 

4. Inject 5 yl of the method 
blank. 

5. Determine If Impurities 
are present which wtll 
Interfere. 

6. Inject 5 yl of the sample. 



7. Compare with standard 
curve (Step I .2.). 

8. Inject 5 yl of a known 
standard mixture that Is 
very close to that of the 
sample. 

9. Calculate the amounts of 
the pesticides present. 



la. Column Temp. Flow Detector 

OV-17 & QF1 - 200° C - 60 ml/mln. - 220° C 
0V-21Q > - 180° C - 70 ml/mln. - 200° C 
OV-1 - 180° C<- 70 ml/mln. -'200° C 

• QF1 - SE30 - 200° C - 60 ml/mln. - 220° C 
Ibr These conditions should be monltor^l by the 

fc analyst during operation, 
lc. If the Instrument was off, turn on and allow to 
^equilibrate ovemlgnt. 

2*. Reagent, Preparation Section. 



3a. Check retention times as well as pe*k ^eights 
for-^the known concentrations. 4 

4a. Continue the chroma togram until the retention- 
time for the last peak has passed. 



6a. Tlme^the retention time; from first sign of the 
solvent until the top of the peak, for each peak, 

7a. Retention times and numbers of peak's will 
indicate further 1 actions. 

8a. Measure the peak area or peak height In 
millimeters. 



9a. See the Calculation Section. 



VII. 1.7. 7a 
(p. 47) 
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OPERATING PRCCEOURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



J. Calculations 

^ 1 . Laurie Acid Value 



Use the following steps 
to calculate the laurlc 
acid value. 



2. Amount of Florlsll 
to be Used In the 
m Col win 



1 . Calculate the amount 
of florlsll" to be used In 
the columns. 



la. 



la. 



lb. 



The calculation formula is 
Laurlc Add Value ■ mg laurlc add 

gm florlsll 

= 200 - (ml required for 
titration x 
laurlc acid 
0.0 5N NaOH) 



the 



m 



laurlc Acid 
0.05N NaOH 



comes from the standardization of the NaOH 
(See Section on Standardization of Sodium 
Hydroxide) . 

The calculation formula Is 
Amount of florlsll 

to be used = 110 ' x 20 grams 

Laurie Add Value 
The 110 value -Is a value abrltrarlly assigned 
as the desired adsorptlve capacity. 



\ 



Mills, P.A., 
Variations of 
Florlsll 
Act1v1 ty: 
Simple Method^ 
for Measuring' 
Adsorbent 
Capacity and 
Its Use in 
Standardizing 
Florlsll 
Columns; 
JA0AC, 51 29 
(1968) 

' 5 f 3 5 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



J. Calculations 
(Continued) 
3. Calculation of 
Results 



1. Calculate the micrograms 
of pesticide per Jfter of 
sample. 



5bt> 



la. The calculation formula 1s 



micrograms 
liter 



A x B x V. 



. v i x V 

where 

A » ng standard (obtained *1n Sample Analysis 
standard area Section, Step 8) 

B * Sample Aliquot Area (obtained 1n Sample 

Analysts Section, 
v w Step 7) 

V t » vSPume of total extract (I.e. the volume 

to wM&fc the 
extract was 
concentrated) 

1n microliters 

« Volume of extract Injected 1n microliters 

V s * Volume of water (sample) extracted 1n 
milliters.- 
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TRAINING GUIDE 

SECTION TOPIC . • , 

I* • n Introduction * 

'II Educational Concepts^^ta^hematics, 

Hi Educational Concepts - Science 

IV Educational Concepts - Communications 

V* Field and Laboratory, EqCiipm^rt 

VI Field and Laboratory Regents 

VII* Field and laboratory Analyses 

„ VIII Safety 

\ ix Records and' Reports ' 



> 




♦Training' guide "materials are presented here under the^headings marked*. 
' 'These headings are used through this series of precedes . 
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WATER MONITORING PROCEDURES: Determination of Chlorinated Hydrocarbon Pesticides 



INTRODUCTION t ^ r .Section I 





✓ 

TB A TUT LIP rilTnP unTr ' 

TRAINING GUiDc NOTE* . 


, ' 

refereVices/resoOrces 






t : 


B.12 • % f 

\ 

4 


When the Interim Primary Drinking Water Regulations 
were promulgated they contained the requirement 
that all Public Water Supplies be monitored for ' 
pesticide contamination. Certain monitoring 
frequencies and analytical methods were prescribed. 
A level beyond which public notification and other 
steps were to take effect was Set and termed the 
"Maximum Contaminant Level" (MCL). The MCL's for 
the Chlorinated Hydrocarbon Pesticides are as 
follows: 


\ 

* 

* 


• 


- Endrln 0.0002 mg/liter 
'Lindane 0.004 mg/Hter 
Methoxychlor 0.1 mg/11ter 
Toxaphene Q.005 mg/llter. . ' 

* 


f 


0 
f 


* 

1 

• 


• 




0 

\ 


/ 


1 




s 




t 


J * «- 
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C.l 



C.6.b 



D.1.3.a 



\ 



* D.3.2 
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Use of high grade carrier gases are reconmefided. 
However, occasionally bad cylinders of the Argon- 
Methane gas can be obtained. Before, attaching to 
the instrument, a slight sniff of the gas'should be 
taken; if a "fishy" ordor is noted, the tank may 
be contaminated.^ Use 0/ the gas will produce an 
off scale peak and very noisy base line. I.f^ 
contaminated gas is used in the instrument, remove 
from use as soon as it is determined and replace 
all traps and purge with a good^as.* » 

0V-21Q*may be substituted for the QM . The OV-210 
is a purified version of the QF-1 and does not 
'bleed as' much as the QF-1. ^ 

Because of the many variables inherent in gas 
chroma to^raph 5, the column packing, column oven 
temperature and carrier gas flow rate may have t<i 
be adjusted/to different settings than those given. 
The analyst^should strive. to reproduce the retent- 
ion times given in the body of the paper as guides. 
The two things which raustjbe obtained are 
reproducibility and resolution. When these are 
adequate 'the system is suitable. 

r 

The analyst must know what- the detection limit is 
in his procedure. , The concentrations are so low 
in drinking water that frequently t the results 
will be non-detectable. In this case the analyst 
should express the value as "non-detectable, " 
below, the detection limit of 
Jhis detection limit must be at leastbelow the 
Maximum Contaminant Level for the compound as 
listed in the Interim Primary Drinking Water 
Regulations. 



/ 




( E20-45 



■•s 



I 



WATEft MONITORING PROCEDURES: Determination of Chlorinated Hydrocarbon Pesticides 



FIELD AND LABORATORY ANALYSES 



Section 



ILL 





TRAINING GUIDE NOTE 


references#e:sources 


D,.4 . 

i 


* 

Lindane, Endrirt, and Methoxychlor are quantitated 
using dne peak for each. However, toxaphene has / 
many peaks and should be quantitated by averaging 
the peak height (in millimeters) of as many peaks 
as possible. Use only those peaks which are * * 
. identical in the standard and sample by retention 
and peak height ratio. 


* 

*— 

« 


\ 

/ 

t 


The more'peaks used in this average, the closer 
jthis number will come to the true value. However, 
{when other chlorinated hydrocarbons are present 
uifc peaks of toxaphene in areas not affected by 
the other chlorinated hydrocarbons should be 
averaged. From running the standards separately 
these areas can be found. 


t 

* 

> 


0 


When the peaks of the otter chlorinated, hydrocarbons 
are influenced by the presence of toxaphene they 
shpujd be separated by 'another technique, i.e. 
another absorption column or liquid chromatography 
etd. 


i 

* 




Different batches Of florisil have varying adsorp- 
tive capacities. In order to obtain elution.of 
the various pesticides 1r> the same fractions, this 
adsorptive capacity must be known. rapid method 
for determining this adsorptive capacity is tfe 
measure the amount of laurlc acid adsorbed from 
hexane- solution by a measured amount of florisil. 
This 1s referred to as the laurlc acfd value. 


f ' 


F.2 


This procedure need be carried out only once with 
each batch of florisil. As a new supply 1s /, 
purchased, the laurlr^ciii valu6 arid this^ procedure 
should ,be determined again, using this same 
procedure. ^ • 


• 

** 


6.2. If 

* 


' Samples up to 3 liters dan be extracted to Increase 
the sensitivity.- However, larger volumes of 
extraction solvent (methylene ehloride-hexane) 
wfll be needed. Use 100 ml portions in place pf 
the 60 ml. " The separatory funnel size will also 
need to be Increased to a ,6 liter size. 




6.3.16 

1 


• Samples containing small quantities of pesticfttes - 
(low nanogram amounts) are concentrated to 1 ml. 
Should the concentrations allow; it is possible 
to concentrate to 1Q ml for highe* vaJues. In 
this case- the initial concentration with the Snyder 
Cqlumn will reduce the volume to 5 to 6 ml and the 


/ 
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_ . — , - 

, 'FIELD -AND LABORATORY 'ANALYSES 


Section VII 




TRAINING GUIDE NOTE 1 


REFERENCES/8ES0URCES 


G.3.1$ 
(Continued) 

1.7.7a • 

t 

% 


walls of the flask and glass joint can be washed to 
give a final volume of 10 ml . 

• * 
M^jor peaks not matching those of the standards 

along with Increased peak heights on some peaks 

wilV indicate the presence of interfering 
'^compounds, ff this 1s the case, the florisM 
* cbTumn clean-up should be used. If no 

interferences are present, identify and quanti tate 

the peaks. 


/ . 

m 

f 


4 


• 

4 


» 


t 


i 




/ 


. . { 

4. 




f ' f 


V 

7 

\ 


\ 




\ 
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« 
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■ TABLE 3 

RETENTION RATIOS OF VARIOUS OR6ANOCHLORINE >ESTIpIDES RELATIVE TO ALDRIN 



t 

Liquid Phase! 


t 1.5X0V-T7 

+ .' • 
1 :95X QF-1 


5% 
OV-210 


t 

" 3X 1 
OV-1 




6% QF-1 
+ 

At SE-30 , 


C^tunn fartp. 


' 200° C 


180° C 


180° C 


• 4 


200? C ' v 


Argon/Methane 
Carrier Flow 


60 ml/min. 


70 ml/min.; 


70 ml/min. 




' » 

60 ml/min. 


Pesticide ' 


RR. 


RR - 


*RR ' . 




RR 


LI ndane 


0.69 ' 


0.81 


0.44 




0.60 


Aldrln 


1.00 


• : i .00 ■ . 


1.00 


i 


1.00 - 


Endri n 


. 2.93 


3.5S 


2.18 




2.42 


MethoxycHlor 


7.6 




5.7 


# 


■ 4.60 


Aldrln 

(Kin absolute) ' 


» 

3.5 


2.6 


4.0 




5.6 * 



All columns glass, 180 cm x 4 mn ID, solfd support Gas-ChYmm Q (100/120 mesh) 




— t> 



* V 

J 



< 
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25 



20 • \S , 10 

RETENTION TIME IN MINUTES 



figure 1. column packing: ov-17.+ 1.95% qf-1, carrier 
; gas: Argons/methane at '60 ml/m1n , column 
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TEMPERATURE: 200 C, DETECTOR: ELECTRON CAPTURE. 

N , 7 , : f 




IS 10 5 0 

RETENTION TIME IN MINUTES 

FIGURE 2. COUIMN PACKING: 5% OV-210, CARRIER GAS: 
ARGON/ METHANE AT 70ML/MIN, COLUMN 
TEMPERATURE: 180 C, DETECTOR: ELECTRON 
CAPTURE. 



20-50 s*r \ 




FIGURE 3. <;OLl)MN PACKINGf6% QF-1 + 4% SE-30, CARRIER GAS: 

ARGON/METHANE AT 60ML/MIN, COLUMN TEMPERATURE: 
200 C, DETECTOR: ELECTRON CAPTURE. 



z 

ui 
> 

o 

to 



u 
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25 



20 15 10 

RETENTION TIME IN MINUTES 



-FIGURE 4. COLUMN PACKING: 3% OV-1, CARRIE^ GAS: 
ARGON/METHANE AT 70 M^/MIN, COLUMN 
TEMPERATURE: 180 C, DETECTOR: ELECTRON 
CAPTURE. 



577 



/ 



A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 



DETERMINATION OF CHLORINATED PHENOXY ACJD HERBfCIDES 




% > 

v as applied in 
POTABLE WATER TREATMENT FACILITIES^ 




National Training and Operational Technology Center 
Office of Water Program Operations 
•U.S. Environmental Protection Agency 



CH.PES.lab.WMP.lJV.77 
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WtfTER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herblcljre-C' 

* 

Operational Protectory , , , <~ 

A. Glassware Preparation , ' r— ~ . . — *s \ 

B. Reagent Preparation ; • 

C. Standard Preparation 

D. Instrument Set-Up t i 

, v 1. Gas Connection. . ^ 

2. Detector installation 
y 3". Carrier Gas Leak Che<fk 

4. Column Conditioning 

E. Instrument Calibration a 

♦ 

1. Optimization * 
. 2. Retention Times' 

3. Detection Limits 

V. Sample Treatment 

.1. Pre-Treftment 

2. Hydrolysis 

3. Esterlfi cation 

i 

G. Sample Analysis 

H, Calculations^ . , 



S 
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HATER MONITORING KpCEDURE: Determination of ChUorlnated^Phenoxy Add Herbicides 



Equipment ^artd .Sypply Requirements . ' ^ 

* * \ 
< * % 
A. Capital Equipment: * # * 

1. Gas chroma tograph equipped with , / - 

1 • • * * ' I 

a. TalassJIn^d Injection post „ * 
' . *b. Electron captyrp detector - farlt'ium'or nrickel 63 
/ c, Recorder - potentfomefcrlc str% chart (10 1n.-25 cm) compatible 
> - fith the detector - 7* ■ 

Gas chromatographic column (bexSWrchased from gas chromatographic 
supply house)* V-. 

a. Tablng - Pyrex (180 cm long* yfcft,) x *mm ID) \j 

b. Glass wool - sllanlzed ' m . . 1 * 

c. Soltd support - gas chrofo Z (100-120 'mesh J .5 

d. <L1qu1d phase - expressed as weight percent coated on solid support . 

1) OV-210, 5% ' * 

' 2) OV-tt, 1.5X pjus QF-1,/1.95% 

3. Hot water bath - capable of keeping .temperature at 5(3°-l6o p 

4. Source of high qu^lty distilled water ' 

5. Rotometers - If the Instrument 1s not equipped with meters to jnonltor the 
flows of gases » these should be purchased as ^options. - . * . 

.6- Analyilca/ balance-^ with a 0.1 milligram sens1t1v.1ty 

7. Trlp^or platform Chance -"with a 0.1 or 0.01 gram, sensitivity 

8. Oven - capable of maintaining 130° C 

9. Stop watch - capable of measuring at least 1/2 hour, the 60 second 
cycle divided to 1/5 second 

10. Cylinder of Argon-methane (95 + 5%) for use with pulsed mdfe detector OR 
Nitrogen - purified grade, moisture and oxygen free? for iSf with a DC mode 
detector ♦ 

11. Pressure regulator -itwo stage with a CGA 580 fitting for nitrogen or a CfiA 
350 fitting for Argon-methane 

. » * * 

, 12. Filter - for carrier gas, molecular sieve type 

*» 

,13. M1crp syringes - i, 10, 50 ul sizes . 

14. pH meter (optional) v 1 ^ 



5oO 




/ 



•2, 25 ml f . . I 

2, 100 ml 
1 , 250 ml 
- 1, 1000 ml 

3. Cylinder, graduated - glass^slopperjed 
1-25 ml/sample, duplicate, blank, standard 

4. Flasks, Erlenmeyer ^ 

T, 125 ml/sample, duplicate, blank, standard 
1, 250 ml/sartple, duplicate,' blank, standard 
1, 1000 ml /sample, duplicate, blank, standard 

Erlenmeyer - glass-stoppered 
1, 250 ml/sample * I 19/22 

5. Flasks - volumetric 



WATER MONITORING/faoCEqfJRE: .Determination of Chlorinated Phenoxy Acid Herbicides 

: - ' k / 

Equipment and Supply |equiwsnents (Continued) * 
15. Desiccator ^* 
16% Muffle furnace (optional) - capable of heating to 400° C 
17. Source of Vacuum . ' 

I 1^. Trap for oxygen 

B. Reusable Supplies: - ' % 

•1. Beaker - 100 ml, 1/sample, duplicate, t blank, standard • 
2. Cylinders,. graduated 



4, 100 
6, 10 m! 

6- funnel, 1 - 50 mm. diameter top/sample, duplicate,- blank, standard 

7. Funnel - separatory (with Teflon stopcock) 

1, 2000 ml /sample, duplicate, blank, standard- 

1, 60 ml/s^nple, duplicate, blank, standard - ^ 

8. Glass stirring rod, about 10 cm long 

9. Glassware brush 



r 
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WATER MONITORING PROCEDURE: Determination of Chlprlnated Phenoxy Add Herbicides 

Equipment and Supply. Requirements (Continued) 
10. Kuderna-Danlsh (K-J)), ordepJMm Kontes Glass Corporation 

5 plus 2/sample, concentration Anpul , 10 ml calibrated J 19/22 female 

#K5-7O050, size 1025 m to 

^ 1/sagple, Snyder «ol., three section, 150 mm long, #1(503000, s1?e!2l 
1/sample, Snyder col., one section, #K569001 , ?1ze 1-19 
1/sample, flask, 250 ml size, IK570001 

About 6/pr., springs, 2/set-up, #K662750 

1/ampul, stoppers for concentrator ampul, #K850500, size 19/22 

n. pipets y n * . 4 y 9 

1 box, Pasteur, d1sposable % (l40 inn long x 5 itm ID) 

4 - graduated, l' ml 1 % 

5 - volumetric, 1 ml 
3 - voiumetrft* 2 ml 

2 - volumetric,. 10 ml 



12. Pipet"bulb 



3 ml size for Pasteur type pipets 
d&bber type for pipets 

13. Reagent bottles (glass-stoppered, storage) 
5 - 150 ml size ^ *■ 

1 - 500 ml size . 
1 - 1000 ml size 

14. Rack for separatory funnel 

15. 3 - ring stand and clamp 

16. 1 ruler - divides 1n millimeters * 

17. Safety glasses 

18. 1 timer (60 m1n.) 
C. Consumable Supplies 

"1. T box aluminum foil 

2. 1 bottle - boiling stones (rinse with hexane) 

3. 1 box detergent \ 

4. 25 liters distilled water 

5. V box glass w^l (filtering grade, acid washed) 



WATER MONITORING PRM^HJRE: Determination of Chlorinated Phenoxy Add Herbicides 



Equipment and Supply Requirements tContlnued) . 1 -1 

tfrl pack graph paper HH.thmet1c v 10 x 20) < A / \ 

7. 1 roll pH piper (for acid pH) y 

8. 12 Ubels 

9. 1 note book (bound) 

10. 1 pencil or pen - ? - * 

< / ^ . 

11. 12 weighing boats, plastic, disposable 

* *• * 

12. 1 bottle soap solution (any liquid soap mixed with water) 

13. <Chart jiaper for records ✓ ^ 

14. Reagents / 

'a. Acetone - ACS arade * 

b. Alcohol - ethdliol, '95£, ACS grade 

c. Ben*e«e - nanograde,- distilled 1n glass 

d. Borontni fluoride - methanol, esteriflcation reagent, 14% BF- by weight 

e. Ethyl etjter - nanograde; distilled in flass 

f. Flbrfsil - pesticide residue grade (60-100 mesh), purchase activated- at 
1250° F and store at 130° £ 

* g. Herbicide standards, reference grade 

h. Hexane, nanograde, distilled 1n glass 

1. Potass1t% hydroxide (K0H), ACS grade \ ' 

j. Potassium Iodide (KI), ACS grade \ 

k. 5od1 tin sulfffte-ACS, granular \ v 

1. Sulfuric add, ACS, cjoncentrateti ) 



♦Available already prepared from: Applied Slcence Laboratories 

P0 Box 440 * \ 
^ L State College, PA 16501 
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OPERATING PROCEDURES 



A. Glassware Preparation 



1. Clean all glassware. * 

2. Wash with soap and .water 

3. Rinse with tap water. 

Rjnse with distilled water 

5. Muffle at 400° C for 15 to 
30 minutes. 



B. Reagent Preparation 
1. Distilled Water: 



2. Sulfuric Acid (25X) 
- (H 2 S0 4 ) 



STEP SEQUENCE 



6. Cool to room temperature*. 

7. Store until used. 



1. Distill water. 



V. Ajld 50 ml of water to a 
J00 ml graduated cylinder. 

2. Add 25 ml of concentrated 
sulfuric add. 

"3. Cool to room temperature. 
I 

4. Add water to the 100 ml 
mark. 



I NFORMAJ I ON/OPE RATING GOALS/SPECIFICATIONS 



3a. At least 10 times. 
4a. %t le^t 10 times. 



5a. Volumetric glassware should not be muffled. 

5b. Plastic ware and cap "liners for simple containers 
should not be- muffled. 

5c. The glassware may be rinsed/With redist1U*d 

acetone followed by a rinse with pestlcfde quality 
hexane in place of the muffling. — 



7a/ Store inverted or cover mouth' with aluminum foil 
7b. Sample containers should be stored capped. 



la. Use ah all gjass still. , \ 

lb. Extract a volume of distilled waten, equal to the 
sample size used., to check purity. I Th1s r reagent 
bl an?" should be analyzed with each set of samples 



2a. /Measure 1n a 21 ml graduated cylinder. 
2b./ CAUTION : Temperature will rise. 



TRAINING 
GUIDE NOTES 



A 



WATER MONITORING PROCEDURE: Deterrol nation of Chlorinated Phenoxy Acid Herbicides 
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OPERATING PRCCEOURES 



> 

STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
(Continued) 



3. Sodium Sulfate 
Solution (5X) 
, (Na 2 S0 4 ) 



,-4. Potassium Iodide 
(10X) (KI) 



1 . 



5bo 



5. Transfer to a reagent f 
bottle. 1 

6. Store in freezer s^tjpn 
of a refrigerators 

v * 

1 . Weigh out'5.0 grams of 
sodium sulfate. 

2. Transfer to a glass- 
stoppered reagent bottle. 

3..tteasure out }QQ/m] water. 

4. Use- a small amount of water 
to wash the weighing boat 

5. Add remaining water to a 
reagent bottle. 

6. Mix and label. 

M Weigh out 10.0 grams of 
potasslunt Iodide. 

2. Transfer to a glass- 
stoppered reagent bottle. 

3. Measure out 100 ml water. 

4. Use «6malJ v amount of wate^ 
tojwash weighing boat. 

5* Add remlanlng, water to 
reagent bottle. 

6. Mix and labef . 



la. Use a trip balance and a plasty weighing boat, 
lb. This Is not the acidified sodlw sulfate (B.8). 



2a. A 150 ml size. 



3a. In a graduated cylinder. 

4a. Add washing to reagent bottles, 



/ 



la. On a trip* balance In a plastic weighing J>oat. 

y. 

2a. A 150 ml size. 



3a % In a graduated cyjlnder. * 
4a, Add wash to reagent bottle. 



c 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
(Continued) 
5. Potassium Hydroxide 

(KOH) 



6. -Diethyl Ether 



1. Weigh out 37.0 grams of 
potass iunr hydroxide. 

' pellets. ! 

2. Transfer to a g>ass- 
stoppered reagent bottle. 

3. Measure out 100 ml water. 

4. Use small amount of water 
to wash the- weighing dbat . 

5. Add remaining water tos. 
reagent bottle. 

6. fclx and label. 

1. Test for peroxides. 



2. Rinse a 25 ml ^lass- 

* stoppered graduated cylin- 
der with ethyl ether. 

3. Add 10 ml^ther to the 
cylinder. 

4. Add 1 ml freshly prepared 
potassium iodide (KI) 

. solution. 



?a. A 150 ml size: 



3a. 
4a. 



In a^graduated cylinder. 

Add washing to reagent bottle. 



5a. CAUTION : Temperature will rise. 



\ 



la. Purchase distilled in glass or nagograde. 
lb. Ether must contain 21 alcohol and be free of 
peroxides as follows. 

i 

► 2a. Discard the rftfce. 



5. 



Mix by inverting. 



4 t 

4a. Use a 1.0 ml volumetric pi pet. 



5a. Twp or three tfmes*. Open stopper to allow 
pressure out. 



( 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Reag«ot Preparation 
(Continued) 



7. ffchyl Ether - v 
Hexane Mix (1:1) 

8. Sodium Sulfate 
(Acidified) 



5j>J 



6. Let stand one mlrfute. 

7. No yellow color should be 
observed In either layer. 



8. Discard tested ether. ' 

9. Add 2Hrm\ of 95J ethanol 
to one liter of ether. 

0. Store In refrigerator. 



J. Mix equal amounts of the 
hexane and ethyl ether. 

2. Store irt,glass-stoppered 
reagent bpttles. 

1. Weigh out 100 grams of 
sodium sulfate. 

* * 

2. Add ether to just cover the 
sodium sulfate. $ 

3. Add 0.1 ml of concentrated 
sulfuric acid. 



7d 



If yellowing occurs, the peroxides cj^e (^composed 
by adding 40 ml df 302 ferrous sulfate solution 
to aach 1 iter of ether. ^ CAUTJON : Reaction may 
pe violentflf ether contains a high concentration 
of peroxides). Then distill. ^ * 
7b. If this is^needed^an alternate~source for a* 
f better product should be sought. 



10a. forage of all flanmable solvents should be 1h 

m explosion proof refrigerator. 
lDb. Store 1n feagent bottle glass-stoppered (1 liter 

size). 

la. Example: Add 250 ml hexane to 250 ml ether. 
2a. Use a 500<ml s1ze\ - y 



la. U*f a trip balance. 

lb. Use a 250 ml Erlenmeyer flask. 



4. Swirl to mix. 



\ 



3a. Use caution when workings with concentrated 
acids. 

3b. Use safety glasses. * 
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E2H2 




^OPERATING PROCEDURES 



STEP SEQUENCE 



Information/operating goals/specifications 



TRAINING 
GUIDE NOTES - 



B. Reagent Preparatfon 
» (Continued) <- 



5. Remove ether with vacuum. 

6. Weigh 1.0 gram of the 
dried sodium sulfate. 

7. Add 5 ml of distilled 
water. 

8. Swirl to mix. 

9. <£heck pH of the solution. 



Y 



10. Discard the solution. 

11. Store the remaining sodium 
sulfate at 1^0° C In glass 
botttes in an oven. 



6a., Qn a trip balance. 
6b. Jn a 50 ml beaker. 

7a. Use a 5 ml graduated pipet. 



9a. SolutKSn should have a pH below 4. 
9b. If not, repeat steps 2 through 9. 
9c. Use a pH met<y or paper that can distinguish 
a pH below 4. * « 

* 

10a. Prepared In step 9. * 

lla. Or activate overnight at 130° C before use 
storing In a desiccator. , 



C. Standard Preparation 
1. Stock 2,4 Djchloro- 
phenoxyacetlc acid 
(2,4-D) 



1. Weigh out 0.100 gram 
2«4-D. 



J of 



2. Measure out 60 ml of 
ethyl ether. 

3. Pour 40 ml of ethyl ether 
Into a glass-stoppered 
100 ml volumetric flask. 



chart™ Standard 3S Sh0W " the accom P an y 1n 9 
lb. Weigh on an analytical balance, 
lc. Use a plastic weighing boat. 
Id. Carry out this procedure In a hood or well 

ventilated area. 

2a. In a 100 ml graduated cylinder. 

2b. CAUTION : Ether is extremely flammable. 
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OPERATING PROCEDURES 

C. Staridard Preparation 
(Continued) 



2. Stock SI 1 vex 



3.* Working Standard 
- 2,4-D 



4. Working Standard 
S1 1 vex 
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Step sequence 

Transfer the 2,4-D into 
the volumetric flask. 

Use the remaining ether 
to wash the weighing 
boat. 



6. Dissolve the^4-D. 

7. Dilute to the mark with 
hexane. 

8. Stopper and label. 

1.* Perform steps. 1 through 8 
above using sllvex. 

1. Add about 50 ml of the 
ethyl ether: hexane mixture 
(reagent 7) to a glass- 
stoppered 100 ml vqJumetric 
flask. ^ ^ 

2. P1pet 10.0 ml of the stock 
2,4-D Into the flask. 

.3. Dilute to the mark with 
the ethenhexane mixture. 



4. Stopper and label. 

1 . Add-about 50 ml of the * 
ethyl* ether: hexane mixture 
(reagent) to a glass- 

. stoppered 100 ml volumetric 
flas*. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



7a. Solution contains 1 mg/ml. 

— • y % 

la.^ Solution contains 1 mg/ml. 
la. Just estimate this amount. 



2a. Use a 10.0 ml volumetric plpet. 
3a. Solution contains 100 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Standard Preparation 
(Continued) 



5. Esterlflcatlon of 
Standard for 
Chromatography 
2,4-D 
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2. P1pet 1.0 ml of the stock 
sllvex Into the flask. 

3, Dilute to the mark with 
ether :hexane mixture. 

4.. Stopper and label. 

1. Turn on water bath and 
steam bath. 

2. P1pet 1.0 ml of the worklnc 
standard Into a 10 ml 
concentrator ampul . 

3. Add 0.5 ml of Benzene. 

4. Insert a two chamber 
eva^&ratlve column. 

5. Place assembly Into ring 
- st^nd and support with 

clamp. 

6. Place over steam bath. 



7. Lowfer volume to 0.4 ml. 

8. Remove from steam bath amd 
allow to cool. 

9. Remove the evaporative 
column. 



3a. Solution contains 10 
\ mt 



la. Allow water bath to reach 50° C. 
lb. Allow steam bath to boll. 

2a. Use a 1.0 ml volumetric plpet. 

2b. See equipment section, K-D concentrator ampul 

3a. Use a 1 ml graduated plpet. 

4a 4 See equipment sectldn. ^ 
4b.* Be sure to attach springs. 



If" la) 



6a; The height above the steam bath will have to be 
adjusted to speed up or slow down the evaporation 
The analyst should not allow the material to go 
to dryness. . 
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WATER M0NIT0RIN6 PROCEDURE: Determination of Ch-lorlnated Phenoxy Acid Herbicides 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Standard Preparation 
(Continued) 



..A 



6. Ester1f1cat1on 
of Standard for 
Silve: x 

-^Lhromatogra phy 

7. Esterlflcatlflh Of 
Standard HI'xture 1 
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10. Add 0.5 ml of the 
borontrl fluorlde-methanol 
reagent. 

11. Replace the evaporative 
column. 

12. Lower Into a preheated 
50° C water bath. 



13. Heat for 30 minutes. 

14. Remove from water bath. 

15. Allow to cool to room 
temperature. . 

16. Remove column. 

17. Hash walls of concentrator 
ampul with benzene until a 
total volume of 5 ml 1s . 
reached. 

18. Stopper and mix. 

V. Repeat steps 1*7 above 
• using sllvex working 
standard 1n place of the 
2,4-D. in step 2. 

1. Plpet 2.0 ml of each work- 
ing standard (for 2.4-0. ' 
and sllvex) Into a 10.0 ml 
concentrator ampul. 



12a. 
12t>. 



Thts 1s not a steam bath. 

Tbe water bath shodld be preheated to 50° C and 

checked with a thermometer. 



17a. 



Solution contains 200 ng esterlfled 2,4-Jd per 
10 Ml. . 



t 



la. 

lb. 
la. 



These esterlfled standards are at the level of 
the sample containing the MCL's after 1t has 
been concentrated. That 1s the MCL 1n 5 rah 
Solution contains 4t) ng sllvex/ JO pi. 

Use twp 2 ml volumetric plpets. 



1 \ 



59'J 



E21-15 
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E21- 16 



OPERATING PROCEDURES, 



STEP SEQUENCE 



I NFORMAT I ON/OPE RATING GOALS/ SPEC I F I CAT fONS 



2aSuse a 1 ml *graduate"d plpet 
3a. Attach springs. 



TRAINING 
GUIDE NOTES 



C. Standard Preparation 
(Continued) 



EMC 



2. Add 1.0 ml of* benzene. 

3. Insert a two chamber 
evaporative column. 

4. Place assembly Into ring 
stand and support with 
clamp. 

5. Place over steam bath. 



6. Lower the volume to 1.0 nl 

7. Refcove from steam bath. 

8. Remove evaporative column. 

9. Add 1.0 ml of the borbn- 
trffluorlde methanol 
reagent. 

10. Replace the evaporative 
column. 

11. Lower Into a preheated 
50° C water bath. 

1*. Heat for 30 minutes. 
13. Remove from water bath. 



14. Allow to cool 



5a. The height above the steam bath will have to be 
adjusted to speed up or slow down the evaporation 
rate. The analyst should not allow the solution 
to go to dryness. 




12a. The bath must be at temperature before lowering 
■ the assembly* 



HATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 




OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


-C. Standard Preparation 
-(Continued) 

8. Dilutions 

V 

* \ ■ 


15. Remove evaporative column. 

l/. Wash walls of concentrator 
ampul until a total volumn 
of 5.0 ml Is reached. 

17. Stopper and mix. 

Prepare dilutions of this 
mixture labeled Mix 2 and 
3 as shown In Table 1. 


16a. Solution contains. 400 ng 2,4-D/lO yl and 
40 ng sllvex/10 yl. . > 




■ 's. . 

#• 

1 ' 

• 

• $02 


v * 

* 

6 


< ' t; ">< 


I 
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HATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Add Herbicides 

STANDARD PREPARATION 

TABLE I ~\ 



2,4-0 
100 wg . 1 



Stock TW 



2,4,5-TP - SHvex 

i m . loo 



l m m 100 mq 
TUT TOO ml Stock 



10/100 dilution 



0. 



1/100 dilution 



Working "IfT^ or "IT 



1/5 dilution • 



»ter1f1cat1on 100 ug 20O ng 
ngle Std. 1 "TrnT or ~Wu\ 



JD9. or 100 yq 2 ml 2 .4-0 



1/2 dilution 



100 no 
Standard 2 10 yl . 



400 nq 



1/2 dilution 



50 no 
Standard 3 10 yl 



} m1 S11vex 10 ug , 0.01 mq 



2/5 dilution 
and 

Ester1f1cat1on 
of Mixture 



Mix 1 



40 n 
W 



1/2 dilution 



c 200 ng u . , 
M1x 2 



20 n< 



1/2 dilution 



ST ~~ ftl Working 



1/5 dilution 



20 ng 10 ug Ester1f1cat1on 
TOUT or TmT Single Std. 1 



1/2 dilution 



20 nq 

TOUT Standard 



/2 dilution 



50 no 

.10 yl Standard 3 



100 n 



yg ng 
Tout 



Mix 3 
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WATtR MONITORING PROCEDURE: Determination of Chlorlnated'ftienoxy Add Herbicides 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOAIS/SPECIFICAUONS 



TRAINING 
GUIDE NOTES 



D. Instrument Sep- Up 
1. Gas Connection 



2. Detector 
Installation 



3. Carrier Gas Leak 
Check 



9 
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t. Remove cylinder cap from 
cylinder of carrier gas. 



2. Install the pressure 
regulator. 



3. Connect the cylinder to 
the Instrument. 



1. Install the electron 
capture detector. 



1. Open master valve on 
Instrument. 

2. Adjust regulator control. 



3. Close carrier gas control 
valve on the Instrument. 

4. Turn off master cylinder 

valve. 

«* * * 

5. Observe gage on the 
cylinder. ' - 



la. Tank should be chained to wall or lab bench. 

lb. Use Argon-methane for pulsed mode detector, or 
use nitrogen for a detector operated In a DC mode 
Consult the Instrument manufacturer's manual. 

2a.\he regulator should have a CGA 350 fitting for 

Argon-methane or a 580 fitting for nitrogen. 
2b. Fitting should^fre tight to prevent leaks. 

/3a. Use Teflon t£pe on all metal threads to prevent 
leaks. 

3b. Polyethylene (1/8* diameter) tubing c?n be used. 
3c. If plastic tubing ts used* nylon ferrules should 
be used with connector fittings! 

* 

la. This can be of tritium or nickel 63 type, 
lb. Requires license from Atomic Energy Commission. 
1c. See the manufacturer's manual on procedures for 
Installation. 



2a. Tjr'about 65 ps1a and allow to stabilize 
(about 1 minute). 



5a. Pressure should not drop more than a few ps1g. 
5b. If pressure does drop, use Soap solution to 

locate leak. 
5c. Correct leak and check again. 



V.D.I 
(p. 37) 



\ 



606 



E21-19 



B*TER MONITORING PROCEDURE: Determination of Chlorinated fhenoxy Add Herbicides 
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± 



OPERATING PROCEDURES 



D. Instrument Set-Up 
. (Continued) 



( 



4. Column Conditioning 



V 



ERIC 



STEP. SEQUENCE 



6 7 Use soap solution and check 
for leaks at the Injector, 
; port aryl column connections 

1. Install packed column in 
oven by connecting only the 
column tnlet. 



2. $tart a flow of carrier gas 
through the deteitor.only. 



3. Begin a low flow of . 
carrlefcjas through the 
co-lumn. * 



4. Walt 5 minutes* 

5. Jiirn ^ the p<Jwer to the 



•oven. 



6* Adjust cofumn temperottmng -- td6 ( 
near maximum recommenced 51 
temperature for the\I1qu1d 
phase being used. 



7. Continue heating for 2 
* hours* 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la 

lb. 



1c, 
Id, 



2a. 
2b. 



These columns may be purchased and meet the speci- 
fications as listed under the equipment section. 
Column conditioning 1s essential tlfellmlnate 
column bleed of packing materials and to provide 
acceptable analysis. N 
Do not connect the xol^mn to the detector. 
If 1n doubt as to column Installation,, refer to 
the manufacturer's manual. 

* 

Use the purge gas line or In a dual column oven 
by connecting an unpacked column to the detector. 
In some systems It may be necessary to temporarily 
connect the carrier gas to the air or hydrogen 
Inlet 1n order to get a' flow of carrier gas to 
the detector. The manufacturer's manual should 
be consulted. - ^ 

. Less than 60 m1/m% (t<40-50). 

/To remote oxygen and other trapped gasses. 

.This will be two separate flows. The column should 

»be connected to the -detector. 



5a. 



a. 
Eb. 



Consult manufacturer's manual for location 
and necessary steps. • > 

Still no flow of carrier gas through the column. 
Column 4 t Max. Temp. °C 

5T3T0 (5«) ^75 

OV-17 (1.5%) and QF-"l (*.g5X) 250* 



TRAINING 
GUIDE NOTES 



V.D.6.6b 
(p. 37) 
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WATER H0NIT0MN6 PROCEDURE: Deter»1nat1on of Chlorinated Phenoxy Add Herbicides 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D. Instrument Set-Up 
(Continued) 



i . 
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8. Reduce temperature to- 
about 40° C below naxl 
tenperature. 



V9. Allow column tenperature 
to equilibrate. 



10. Check carrier gas flow. 



11. Allow to remain at temper 
ature and flow for one 
hour. 

mm 

12. Increase tenperature to 

. about 20°C above operating 
tenperature. 



13. Continue the same flow of 
carrier gas. 

14. ' Allow to equilibrate for 

24 to 48 hours. 

15. Turn off oven and allow to 
| cool to room tenperature. 



8a. See table above (6b). 



9a. Minimum of 30 minutes. 
9b. CAUTION ; Bleed off of the liquid phase will 
occur if the colunn tenperature 1s not fully 
* equilibrated. 

10a. At about^50 ml /minute. _ 

10b. If the instrument has not cone equipped with 
rotoneters to non^tbr the flow rate of the 
carrier gas, this should be purchased as an 
option. 

tOc. The pressure regulator on the cylinder should be 

set at 65 £s1g. m , 

lOd. The electron capture must be' Installed but the 

colunn connection should not be made. 



12a. Th|s 1s operating temperature not maximum 

tenperature. 
T2b. The temperatures would be: 

220° C for 0V-U and QF-1 

200° C for 0V-210 



14a. CAUTION : Do not exceed maximum recommended ■ 
temperature. See 6b this section. J 



E21-21 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/ SPEC IFItAT IONS 



TRAINING 
GUIDE NOTES 



D. Instrument Set-Up 
(Continued) 



16. Connect column to the 
detector* 

* . • - * 

17. Adjust the carrier gas 
flow to the method flow 
rate. 

18. Turn on oven' and adjust 
to method column 
tertperatuffe. • 

19. Allow the Instrument, to 
equilibrate at least jone 
hour. 



16a. Check Connection with soapy solution. 

17*. 70 ml per minute. f ^ j 

$ 

18a. 185° C. , 



19a* Preferably overnight. 



E. Instrument Calibration 
1. Optimization 



1. Check instrument operating 
conditions after the in-* 
strument has been set up. 



2. Inject 5 vVof standard 
mixture. / 



] 



3. Adjust *the v operating 
parameters to achieve 
optimum results. 



la. The oven temperature should be stabilized at the 
, method temperature of 185° C. 
lb. The .flow rate constant on 70 ral/minute. 
lc./The colymp conditioned^ 
* Xl. The system checked for leaks. . 

>2a. This standard mixture was^prepared from the 

m stock and esterified. 
2b. The actual VQlume of material injected should be 
kept constant. That 1s, the same volume for 
standards and samples. 
2c/ The standard mixture 2 can be used to optimize 
. the instrument Initially and thereafter to 
. moni tor J ts performance. 

3a. Best resolution (separation of peaks and . . 
retention times ca* be achieved by adjusting the 
column temperature and/br the carrier gas flow 
rate. 



/ ■ 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT ION/OPE! RAT lilG GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



E. Instrument Calibration 
- (Continued) 



Retention Time 
Determination 

V 



Detection Limit of 
the Instrument ' 
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1. Inject 5 yl of standard 1 
«f 2,4-0 and Sllvex one at 
a time. 



2., With a stop' watch, measure 
the time elapsed between 
the first appearance of th* 
solvent peak and the peak 

N of the standard. 

3. Repeat steps 1 and 2 six 
more times. 



1. Inject 5 yl of the 
herbicide standards. 



2. Continue with standards 2 
and 3 of the 2,4-0 and 
then sllvex and determine 
the detection limit of 
each herbicide. 



3S>: 



Compare results with the standard chroma tog rams 
attached (Figure I). 
3c. Caution should be taken to allow the Instrument 
to equilibrate after any changes. 
Optimum results would Include good separation of 
peaks, good sensitivity, and good reproducibility 



3d. 



la. The Individual standards of the 2,4-0 and sllvex 

should be run. Not mixtures, 
lb. Injection Is a technique which must be learned 

and practiced In order to make accurate and 

reproducible Injections. 

2a, ThiPs time Is called the retention time. 

2b/ After the retention times of the single standards 
have been obtained, the mixtures shouTd be 
chroma tographed to determine that no changes In 
retention times occur. 

3a. At least 7 repeat- times 1 should be obtained and 
the mean value octal ned for each peak. 

3b. If In subsequent Injections the retention times 
vary slgnf Iclantly, thi system parameters 
(E.l.la-d) should be checked over. 

la. Begin with standard 1 Table 1 of each herbicide 

and continue with standard 2 and 3. 
lb. The standards must be esterlfied. 



2a. 
2b. 



Always Inject 5 pi. 
The detection limit Is that concentration of a 
standard wh^se peak Is twice the highest peak 
caused by Instrument noise and Is run at the 
most sensitive setting of the Instrument. 



lb 



V.E.3.2b 
(P. 37) 
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OPERATING PROCEDURES 



E. Instrument Callbi 
(Continued! 




STEP SEQUENCE 



3. The peak height measured 
1n millimeters should be 
plotted'agalnst th* known 
concentrations to produce 
a standard curve. 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



3a. The curve produced can be used to select a con- 
centration that produces a response (peak height) 
close to a unknown sample's peak height. This 
concentration will be used to calculate the 
unknown concentration. See the calculation 
section. 

r 



TRAINING 
GUIDE NOTES 



F. Sample Treatment 
1. Pretreatment 



2. Extraction 



1. Blend the samplte. 



2. Adjust pH to 2 or below. 



1. Measure out 1 liter of 
sample. 



2. Transfer to a 2 liter 
separatory funnel. 

3. Add 150 ml of ether to the 
separatory funnel. 



ERLC 
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la. IT suspended matter 1s present. This 1s usually 
. not required for' drinking waters. 

2a. Use concentrated sulfuric add. 

2b. Use a prf meter or Indicator paper to measure pH. 

2c. Usually tyt necessary for drinking paters. 

la. Experience with the sample source will indicate 
1f smaller volumes of sample can be used. If 
sraaller^yolumes are used, they should be diluted 
to one Titer before extraction. 

lb. A volume of distilled water equal to the sample 
volume used should be carried through the pro- 
cedure every time to act as a method blank. 

lc. Analyze one duplicate sample with each run as a 
quality contrdl check. v 

Id. One ml each of work^pg dilution of 2,4-D and 

stlvex should btf diluted to 1 liter and should be 
carried through the procedure to check on the 
standard curve and to assure the analyst of 
proper operation of the wet and Instrumental 
Sec tion s of the method. K 

2a. Use a 2 liter funnel 1n order to have room to 
shake. 



3*. If the s 
ether to 
transfe 




1e container has been emptied, use the 
'ash the container and cylinder used for 



6iu 
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OPERATING PROCE DURES 

F. Sample Treatment 
(Continued) 
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STEP SEQUENCE 



4. Shake vigorously fpr~one 
minute, ' v — ' 



5. Place 1n holder and allow 
phases to separate for at 
least 10 minutes. * 



6. After separation of tint 
phases 1s completed , drkn 
the water phase into a / 
one-Hter Erlenmeyer flask 



/ 



7. Add 2 ml of the 37X aqueous 
potassium hydroxide solu- 
tion (reagent 5) to a 
250 ml ground glass 
stoppered Erlenmeyer flask, 

8. Drain the ether layer froift 
the separatory funnel Into 
the Erlenmeyer containing 
the potassium hydroxide 
solution. 

9. Close the stopcock and pour 
the aqueous phase Into the 
separatory funnel. 



3b. 



4a. 



INFORMATION/OPERATING GOALS/SPECIFICATIO NS 
Measure 1n a 250jnl graduated cylinder. 



tessure may build up 1n the' separatory funnel. 
Irftert, with stopper tightly 1n place, and open 
stdpcpck slowly to relieve- pressure. Then con- 
tinue with shaking until one minute Is up. Re- 
lieve pressure several times during Slaking. 
5a, Holder may bearing and stand or some foi* of 
separatory funnel rack. Places should be pro- 
vided for the blank, duplicate standard and all 
samples, / 

6a. If emulsions form and prevent adequate separation 
drain the aqueous layer that has separated. In- 
vert the separatory funnel, and shake rapidly. 
Vent the funnel frequently to prevent exceislve 
^ pressure buildup, " 

6b~ Assure no water phase remains with the ether. 
The water 1s highly add and step 7 1s to assure, 
an alkaline condition 1n the ether, f? 

6c, Remove the stopper before opening the stopccxif, 

7a, The $ size of the flask should be capable of 
fitting the three ball Snyder columns*. 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 


% STEP SEQUENCE * 


INFORMATWN/0PERATING GOALS/SPECIFICATIONS 


TRAINING. 
GUIDE NOTES 


F. Sample Treatment 
(Continued) 


10. Add 50 ml of ether. 


tea. Use the ether to rinse out the flask used to * 
contain the aqueous layer. 








11. Stopper and shake vigor- 
ously for orfe' minute. 


11a. Occasionally Invert the separatory funnel and 
relieve the pressure by slowly opening the 
stopcock* 








12. Place 1n holder and allow 
phases to separate for at 
least 10 minutes. 


V 








13. After separation of the 
pnases is complete, drain 
the water phase 1n the 
one liter Erlenmeyer flask 
used 1n step 6. 


13a. Assure no water phase remains to be collected 
with the ether. 

* 

* 








14. Combine the other phase 
with the first ether 
Extract. 


« 


» 






15. Repeat steps 9-14 with a 
third extraction of 50 ml 
of ether. 


> « 




i 

3. 

* 


ftydrolysls 


1 AAA 1C ml UJ.All 

l* Add is ml of distilled 
water and one small boll inc 
stone to the flask con- 
taining the ether extract. 


la. Use a 25 ml graduated cylinder. 




* 




2. Insert a 3 section Snyder 
column Into the flask. 

3. Suspend flask and column 
over a steam bath. 


3a. Support with ring stand and clamp. 

• 


- 
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OPERATING PROCEDURES 



F. Sample Treatment 
'„ (Continued) 
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STEP SEQUENCE 



4. Heat until ether has 
'evaporated. 



5. Continue heating for a. 
total of 60 minutes. 

6i Remove and allow to cool. 

7. Transfer the water con- 
centrate to a 60 ml \ 
separatory funnel. 

r 

8. Add 20 ml of ether to the 
steparatq^ funrrel . 

9. Stopper and* shafce one 
minute. 

I . " 

Ik PI ace In holder ftnd allow 
<^ phases to separate for at 
.least 10 minutes. 

11. Drain aqueous^ layer Into a 
100 ml beaker. , 

12,. Drain off and discard the 
ether. i 

» * 

13*. Return the water to th^ 
separatory funnel . 

14, Add 20 ml ether and repeat 
<^ep£ 9-13. 



- 4a N This should be carried out In a hood. 
" 4b. Do* not aHow flame in or Mar tfoe hood. 
4c. Ether fumes are extremely Flammable. 



I NFORMAT I ON/OPERAT I HG GOAl^PEC I F I CAT I ONS 



7a. Use the same support as with other separatory 
Tunnels. % 



8a. Use a 25 ml grad&ted cylinder. 
8b. Because the solution is basic, the herbicides 
will remain in the aqueous phase. 

9a v Vent pressure in separatory funnel. 



epacai 




F 



l^a . ^jajn d1scanf*the ether. 



INING . 
DE NOTES 



) 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



F. Sample Treatment 
(Continued) 




15. Rinse the 100 ml beaker 
with a small .amount of 
water and add to^the 
separatory funnel 

1*6. Add 2 ml of cold (4° C) 
25% sulfuric acid (reagent 
2} to the separatory 
funnel . 

17. Add 20 ml of ether to the 
separatory funnel.* 

18. Shake one minute. 

19. Allow to stand and* sepa- 
rate for a^ least 10 
minutes. 

20. Drain the aqgeous layer 
Into 4 100 ml beaker. - 

21. Add 0.5 grams of acidified 
anhydrous sodium sulfate 
(reagent 8) to a 125 ml 
Erlenmeyer flask. 

22. Collect the^ether 1n the 
125 ml Erlenmeyer flask. 

23. Return the water layer to 
the separatory funnel. 

24. Add 10 ml ether. 

25. Repeat steps 17-22. 



Use about 2 ml 



16a. This reagent should have been stored in the 

freezer section of a refrigerator (B.2.6). 
16b. This will acidify the solution; the herbicides 
/ are now soluable 1n the organic phase. 



22a. The herbicides are 1n the*ether. 



23a. Close the stopcock. 
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WATER MONITORING PROCEDURET Determination of Chlorinated Phenoxy Add Herbicides 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT I ON/OPERAT I NG GOALS/ SPEC I F I CAT I ONS 



TRAINING V 
GUIDE NOTTS 



F. Sample Treatment 
(Continued) 



4. Esterlflcatiop 
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26. Extract With another 10 ml 
volume of ether. 



27. Collect all ether ex- 
tractions In the same • 

# 125 Erlenmeyer (step 22)/ 
* 

28. Allow the ether extract to 
remain', 1n contact wi tji the 
sodium sulfate iH|P ^) 
for 2 hours. 

29# Turn on water bath and 
heaf to 50° C. 

1. Connect a 10 ml graduated 
anpjl to a 25>0 ml Kuderna- 
Dan1$h (K-D) evaporative 
flask. 

2. Clamp flask and ampul to a 
ring stand. 

3. Plug the stem of a small 
funnel with glass wool. 

4,. Position the funnel stem 
Into the K-D flask. 

5. Transfer the ether extract 
from the Erlenmeyer flask 
through the funnel and 
Into the K-D flask. 



26a. This will be three extractions, one with 20 ml 
and two with 10 ml of ether. 

26b. On final extraction, Hnse the 100 .ml Weaker used 
to collect the aqueous phase with the ether and 
then add the ethelr to §eparatory funnel . 



la. Attach springs. 



3a. Should have been washed with add. 



5a. Use a glass stirring rod and crush any caked 

sodium sulfate. f J 

5b. The sodium sulfate may be^iransferred to the 

funnel . 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



, F: Sample Treatment 
(Continued) 



6. - Wash the Erlenmeyer flask 

and sodium sulfate with 
liberal amounts of ether. 

7. Add 0 V 5 ml benzene. 

8. Position flask above steam 
bath and evaporate to about 
5 ml. ^ 

9. Rinse the flask with 2 ml 
of ether. 

10. Remove ampul from flask. 

11. Insert the two section 
Snyder microcolumn Into 
the ampul. 

12. Return to steam bath and 
concentrate to about 
£.4 ml. - 

13. Remove from steam bath and 
allow to cool. 

14. Remove column, 

15. Add 0.5 ml of boron tri - 
fluorldemethinol reagent. 

16. Return two chamber column 
to the ampul. 

17. Lower Into a preheated 
50° C watenU>ath. k 



7a. Use a 1 ml graduated plpet. 

8a. A condenser column 1s not necessary. 



11a. Attach springs. 



12a. All ether should have been evaporated. 



17a. Support by a ring stand and clamp. 
17b. This 1s not the steam bath. 
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OPERATING PRCCtDUBES 



F. Sample Treatment 
(Continued) 
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STEP SEQUENCE 



18. Heat for 30 minutes. 

)9. Remove from bath and cool 
to room temperature. 

20. Remove column. 

21. Add enough sodium sulfate 
solution (reagent 3) to 
position yie Interface, 
between thft benzene and 
aqueous sodium sulfate, 
Into the neck of the K-D 
ampul. p 

22. Stopper the ampul and 
shake vigorously for about 
one minute. 

23. Allow to stand and 
„ separate. 

24. Plug a disposable Pa^eur 
plpet with glass wool . 

25. Add florlsll absorbant to 
the column. 

26. Place on tdp of the florl- 
sll some granular sodium 

1 sulfate. 

27. Support the ralnl-column* 

28. Position mini-column Into 
the neck of a 10 ml gradu- 
ated K-D ampul . 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



18a. The colunn acts as an air cooled ^condenser. 



21a. Usually about 4 to 5 ml. 



23a. About three minutes. 



( 



25a. Add enough to provide abouf 2.0 jp\ height (In the 
large diameter section on the plpet). 
* 

26a. Enough to provide a sodium salfate length of 
2.0 cm. P 



27a. In a clamp qd(* stand. 
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OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/ SPEC I Pi CAT IONS 


' TRAINING 
GUIDE NOTES 


F. Sample Treatment" 
(Continued) 

i 

r 

« 


29. P1pet the solvent layer 
from the neck of the ampul 
jstep 22) to the top of 
the m1n1-column. 

30. Add smajl amounts of 
benzene' to the ampul, 
shake, alltfw to separate 
and T>4petS 1f^o column. 

31. Adjust final volume to 
5.0 ml. 

32. ^topper the ampul. 


29a. Another Pasteur pi pet and bulb can be used 

(just the plpet no packing). 
29b. Collect as -little of the aqueous sodium sulfate 

as possible, 

30a. This IS ar washing step for the ampul, aqueous 
phase and column. Little to no water should be 
transferred to the column. , 

30b* The final volume will be 5.0 ml. Take care not 
to wash with volumes of benzene which will sur- 
pass this total volume. 

32a. This extract 1f kept well stoppered and refrig- 
erated, can be held 30 days. 


0 


G. Sample Analysis 

i. 

\ 


1. Check all Instrument 
parameters. 

2. Inject 5 pi of the stan- 
. dard mix 2. 4 

3. Determine If response has 
changed. 

4. Inject 5 pi of method 
blank. /, 

5. Inject 5 pi of the stan- 
dard carried through tile 
procedure. 


la. They should be the same as usedTfcb obtain 
optimum results (section E.T.3). 

2a. Table 1. « 

> 

3a. Compare results for retention times and response 
(peak height) with those obtained 1n £.1.2. 

i 

4a. No significant peaks should be obtained. , 

< 

5a . From <prt Inn F 9 1 1H 

* 


4 » 
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OPERATING PROCEDURES ' 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAILING 
GUIDE NOTES 


G. Sampl^Ana lysis 
(Continued) 

4 


6. Inject 5 yl of the. 
sample/s. 

7. Compare with standard 
curve. 

8. Choose a standard whose * 
concentration will produce 
a peak that will approxi- 
mate that obtained from 
the sample. 

9. Calculate the amount of 
herblclde/s present. 


6a. Inject 5 ul of the duplicate sample 
6b. Be sure to time the peaks from the first 
appearance of the solvent peak to the top of 
each peak. ^ 

" 7a. Step E.3.3. 

« 

9a. See the calculation section. 


* 

t 

\ 

i 


H. Calculations 
1. Calculation of 
Results 

633 ; 


1. Calculate the micrograms 
of methyl ester per liter 
of^ample. 

* 


* = • . — 

la. -Determine the methyl ester concentration by 
using the equation below. 

micrograms _ A x B x V 
per liter " =— — 5. 

where A - n9 stand ard (obtained in samoio 
standard area Analysis section, 
step G.8) 

B " Sample aliquot «area (step G.6) 

V t « Volume of total extract In micro- 
liters (the volume to which 4be 
extract was ccticentrated I.e., 5 ml) 

/~- 


% 

\ 

4 
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OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GQALS/SPEQIFICATIONS 


H. Calculations 
(Cdlftlnued) 


\ 


y, * Volume of extract Injected 1n 

microliters j 




-> 


V ^Volume of water (sample) extracted 
5 infill liters 

Mg add * yg ^ter x S] ecu ]^ r jJJ- J 0 ™ 

Molecular Wt. Ester 


i 


* ' ) 


Molecular Weight: 

-2,4-D (add) = 222.0 
■2.4-D (ester) = 236.0 
Tflvex (add) = 269.5 
Silvex (ester) = 283.5 




2. Convert to microgram/ of 
acid per liter of sample. 


< * 


*2. Reporting Results. 

c 


1. Report results 1n mg per 
^ liter as the add. 

V 

*• 

\ • . ' • ' 


t 

la. Without correction for recovery data, 
lb. Report duplicate and*%p1ked sample results tfheri 
analyzed. 










i 


• 


* 
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NOTES 



6-3 rj 



•ERLC 



WATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Add Herbicides 



TRAINING GUIDE 
SECTION * , TOPIC 

I* ^ Introduction 

II Educational Concepts - Mathematics 

III Educational Concepts - Science 

IV Educational Concepts - Communications 

V* Field and Laboratory Equipment 

VI Field and Laboratory Reagents 

VII* P1eld and Laboratory Analysis 

s , 

VIII Safety 

IX *• Records and Reports 




♦Training Guide materials art presented here under the headings marked*. 
These standardized headings are used through this series 'of procedures. 
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WATER MONITORING PROCEDURES: Determination of Chlorinated Phenoxy Add Herbicides 



INTRODUCTION 



Section I 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



C.l.la 



When the National Interim Prfmary Drinking Water 
Regulations were promulgated they contained the re- 
quirement that all Public Water SupplT&s be moni- 
tored for herbicide contamination. Certain 
monitoring frequencies and analytical methods were 
prescribed. A level beyond which publfc notifica- 
tions and' other st#s were to be carried out was 
set and termed the Maximum Contaminant Level (MCL). 
The MCl's for the chlorophenoxy herbicides are as 
follows: 

2,4, D1chlorophenoxyacet1c add (2,4-D) - 
0.1 mg/Hter 

2,4,5-Tr1chlorophenoxyprop1on1c acid (2,4,5-TP) 
0.01 mg/Hter 

These materials are used extensively for weed 
control 1n lakes, streams and Irrigation canals. 
Pheno*y add herbicides are very pqtent even at 
low concentrations. 
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FIELD AND LABORATORY EQUIPMENT 



Section V 



E.1.3a 



E.3.2b 



D.l 



D.6.6b 



ERIC. 
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TRAINING GUIDE NOTE 



Because of the many variables Inherent 1 rr gas 
chromatography, the column packlng^xwlimni oven 
temperature and carrier gas flonTrate may have to , 
be adjusted to different settings than those given. 
The analyst should strive to reproduce the re- 
tention times given 1n the body of the paper as 
guide*. The two things which must be obtained are 
reproducibility and resolution. When these are 
adequate, the system 1s suitable. 

The analyst must determine the detection limit for 
each herbicide. If a sample 1s taken through the 
procedure and no peaks are obtained, while pelks 
are obtained for a standard carried along with 
the sample, then the analyst 1s assured that 
herbicides are not present 1n concentrations above 
his detection limit. Whenever reporting such results 
the analyst should report the detection Hmit and 
state that no herbicide is present above that 
concentration. The values 200 ng for 2,4-D and 

20 no 

10 yr for sllvex represent the published MCL for 
that compound in a 5 ml volume, that 1s the con- 
centration factor of this procedure. 

Use of high grade carrier gases are recommended. 
However, occasionally bad cylinders of the Sigon- 
Methane gas can be obtained. Before attaching it to 
Jhe Instalment, a slight sniff of the gas should be 
taken; 1f a H f1shy M smell 1s noted, the tank may be 
contaminated. Use of the gas will produce , an off- 
scale pert and very noisy base line. If contaml-^ 
naied gas 1s used In the Instrument, remove from tfce 
as soon as detected and replace all traps and purge 
with a noncontamlnated cjas. 

0V-»210 may be substituted for QF-1. The 0V-210 1s a 
purified version of the QF-1 and does not tend to 
bleed as much as the QF-1. 



63 J 



REFERENCES/ RESOURCES 



E21-37 . 



H ATER MONIT0P.IN6 PROCEDU 

~7 



Determination of Chlorinated Phenoxy Add Herbicides 
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FIELD AND LABORATORY ANALYSIS 



Section VII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



VII.6.1 
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Standards may be prepared from the *t1ds or the 
methyl esters. If prepared from the methyl esters, 
the ester1f1cat1on steps are not necessary. How- 
ever, the methyl esters are hard to purchase. 

Since samples must be esterlfled, the standard 
should also be esterlfled. If anything less than 
1001 conversion of the add to the ester 1s ob- 
tained ,1n the 'ester1f1cat1on steps, the standards 
will .not reflect this and an Incorrect analytical 
result^can be obtained. 

Consequently, this procedure ha^J^ 0 written using 
an esteriflcatlon step for the standards. 



TABLE 2 



RETENTION RATIOS FOR METHYL ESTERS OF SOME CHLORINATED 
PHENOXY ACID HERBICIDES RELATIVE TO 2,4-D 



9 
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Liquid Phase 1 


1.5% OV-17 » 
+ 

" 1.95% QF-1 


5% 
OV-210 


Column Temp. 


185° C 




* 

Argon/Methane 
Carrier Flow 


70 ml/min. 


70 ml/m1n. 


Herbicide 


RR 


RR 


2 t 4-D 


1.00 


1.00 


SHvex 


1.34 - 


1.22 


2,4-D 

(minutes absolute) 


2.00 




1.62 


^ Al 1 columns glass, 


180 cm x 4 mm ID, solid support Gas C^ 


pom Q (100/120 mesh) 


• 

• 

• 

> 


- 








V- 
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± 



± 



± 
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6 V 4 2 0 

RETENTION TIME IN MINUTES 

FIG. 1 Column-Vl.5% OV-17+1.95% QF-1, 
Carrier Gas: Argon (5%) /Methane: 70 -'ml/min., 
Column Temp. 185 C, Detector: Electron Capture, 
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WUTT 141— NATIONAL INTERIM PRIMARY 
DRINKING WATER REGULATIONS 

On March 14, 1976f the e nvir o nm ental 
Protection Agency (EPA) proposed Na- 
tional Interim Primary Drtnkmt Water 
Regulation* pursuant to sections 1412, 
1414, 1414, end 1400 of tht Public Smith 
Service Act ("tha Act"), as amended by 
tba Safe Drinking* Water Act ("SDWA," 
Pub. U 93-623). JO PR 11990. SPA held 
public hearings on tha p ropo sed regula- 
tion! m Boston, Chicago. San Prandaca 
and Waahtngton durtnc tha month of 
April Several thousand paces of com* 
znents on tha propoaad regulations ware 
received and evaluated. In addition, tba 
Agency has recetred comments and in- 
* formation on tha proposed regulations 
from The National Drinking Watar Ad- 
visory Council, tha Secretary of Health, 
Idocation, and Welfare, and from num- 
erous others during meetings with repre- 
sentatives of State agendas, public In- 
terest groups and others, 

Tha regulations deal only with tha 
basic legal requirements. Des crip tive 
material win be provided in a guidance 
manual for use by public watar systems 
and the States. 

The purpose of this preamble to the 
final regulations is to summarise the moat 
significant changes made in the p roposed 
regulations as a result of comments re- 
cetred and the further consideration of 
available information. A more detailed 
dtecuation of the comments and Mt 
changes in the propoaad regulations^ is 
attached as Appendix A. 

Wats* S ystshs Coma 

The Safe Drinking Water Act applies 
to each "public water system." which is 
defined in Section 1401(4) of the Act aa 
"a system for the provision to the public 
of piped water for human consumption, 
if such system has at least fifteen service 
connections or regularly serves at least 
twenty-five Individuals." Privately owned 
as well as publicly owned systems are 
covered. Service "to the public" is inter- 
preted by CPA to include factories and 
private housing developments, (See gen- 
erally, House Report PP. 16-17.) 

The definition of "public water sys- 
tem" pro po se d in the Interim Primary 
Drinking Water Regulations sought to 
explain the meaning of the statutory 
reference to "regular" service. It was 
\ p ropose d to interpret this term as includ- 
1 ing service for as much as three months 
\ ~ during the year. Because the proposed 
rtfifln'tfrn would hare excluded many 
large campgrounds, lodges, and other 
public accommodations which serve 
large numbers of tourists but which are 
open for slightly less than three months* 
each year, the definition in the final ver- 
sion covers systems serving an average of 
at least twenty-five individuals at least 
ao days ouf ojf the year. The use of a 
t^mttwtwi number of days rather than 
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months also makes dear that a system 
may qualify as a public water system 
even if it is not open every day during a 
given month. 

Once "public water system" has been 
defined, it is necessary to define the two 
major types of public water systems - 
those serving; residents and those serv- 
ing transients or intermittent users. The 
possible health effects of a contaminant 
in drinking water in many cases are Quite 
different for, a person drinking the water 
for a long period of time than for a per- 
son drinking the water only briefly or in* 
tennlttently. Different regulatory con- 
siderations may in some cases apply to 
systems which serve resident! as opposed 
to systems which serve transits ts or la* 
termittent users. Accordingly, 1 141.2(e) 
makes clear that all "public water sys- 
tems" fan within either the category of 
"community water systems" or the cate- 
gory of "non -community water systems." 
To make dear which regulatory require- 
ments apply to which type of system, the 
category covered is specifically indicated 
throughout the regulations. 

The proposed regulations defined a 
* "community water system" as "a public 
water system which serves a population 
of which 70 percent or greater are resi- 
dents." Reliance in the proposed defini- 
tion on the percentage of wstef system 
users who are residents would result in 
tree tmaj some fairly large resort com- 
munities with many year-round residents 
as non-community systems. Therefore, 
the definition of "community water sys- 
tem" has been changed to cover any sys- 
tem which serves at least 15 service con- 
nections used by year-round residents or 
serves at least 25 year-round residents. 

Skill Cosocoirrrr Watts Systems 

Many community water systems in the 
country are quite smali^JBince it is the 
intention of the Ac? to provide basically 
the same level of ijealth protection to 
residents of small communities as to 
residents of large cities, and since a num- 
ber of ad va reed water treatment tech- 
niques are made feasible only by eco- 
nomies of scale, the cost of compliance 
with the requirements of the Act may 
pose a serious problem for many small 
communities. The regulations seek to 
recognise the financial problems of small 
communities by requlrirg more realistic 
monitoring for systems serving fewer 
thaef 1.000 persons. Variances and ex- 
emptions authorised by the Act 'can also 
assist in dealing with economic problems 
of small community systems in appropri- 
ate cases, at least temporarily. EPA will 
provide technical assistance on effective 
treatment techniques which can be used 
by small systems. 

These methods of dealing with the fi- 
nancial problems of some small com- 
munity systems may not be sufficient in 
specific instances to make compliance 
with all applicable regulatory require- 
ments feasible. EPA is commencing a 
study of potential problems faced by 
small community systems in meeting ap- 
plicable requirements under the Act and 
these regulations, and. if necessary, win 
make additional adjustments in the In- 
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terim Primary Drlnkina\Water Regula- 
tions prior to their effect! 

NOW-COJUSUMITT 

"Won -community systems" are basic- 
ally those systems which transients, 
They indude hotels, motels, restaurants, 
camparounds, service stations, and other 
public accommodations which have their 
own water system and which have at 
least 15 service c on n ect ions or ser ve* 
water to a dally average of at least 25 
persons. Some schools, factories and 
churches are also included in this cate- 
gory. It is conservatively estimated that 
there are over 2O0.QO0 non-community 
water systems In the country. However, it 
should be recognised that while their 
number is large, they normally sre not 
the principal source, of water for the 
people they serve. 

The regulations as proposed would 
have applied an m*^™™™ contaminant 
levels to non-community systems as well 
as to community systems. This spproach 
failed to take into account the fact that 
tha proposed maximum contaminant 
levels for organic chemicals and most in? 
organic chemicals were based on the 
potential health effects of long-term ex- 
posure. Those levels sre not necessar y 
to protect transients or intermittent 
users. Therefore, the final regulations 
provide that maximum contaminant 
levels for organic chemicals, and for in- 
organic chemicals other than nitrates, 
are not applicable to non-community 
systems. An exception was made for ni- 
trates because they can have an adverse 
health effect on susceptible infants in a 
short period of time. 

Even without monitoring for organic 
chemicals or most inorganic chemical s, 
in the initial stages of implementation 
of the drinking water regulstkms, mon- 
itoring results from tens of thousands of 
non-community systems could over- 
whelm laboratory capabilities and other 
resources. This could delay effective im- 
plementation of the regulations with re- 
spect to the community systems which 
provide the water which American- 
drink every day. To avoid this result, 
non-community systems win be given 
two years after the effective date of the 
regulations to commence monitoring. In 
the meantime, non -community systems 
which already monitor their water are 
encouraged to continue to do so, and the 
States are encouraged to take appropri- 
ate measures to test or require monitor- 
ing for non -community systems that 
serve larse numbers of people. 

Of course, non -community systems* 
which pose a threat to health should be 
dealt; with as quickly as possible. The 
maximum contaminant levels applicable 
to non-community water systems there- 
fore win take effect 18 months after pro- 
mulgation, at the same time as levels ap- 
plicable to community systems. Inspec- 
tion and enforcement authority will ap- 
ply to non-community systems et the 
same time as to community systems. 

S4JTTTAAY SOXVSTS 

EPA encourages the States to conduct 
sanitary surveys on a systematic basis. 
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These on-site inspections of water sys- 
tems are more effective w assuring /sale 
water to the public than individual /tests 
taken in the absence of sanitary surveys. 
The regulations provide that monitor- 
ing frequencies for coUform bacteria can 
be changed by the entity with primary 
enforcement "responsibility for an indi- 
vidual non -community system, snd in 
certain circumstances for an individual 
community system, based on the/ results 
of a sanitary survey. / 

Maxmttm CowTAicntAjfT Lrvus 

Numerous comments were received by 
EPA on the substances selected for the 
establishment of maximum contaminant 
levels and on the levels chosen: Congress 
anticipated that the initial interim Pri- 
mary Drinking Water Regulation's would 
be based on the Public Health Service 
Standards of 1962, and this Congres- 
sional Intent has been followed. Com- 
ments received on the various levels did 
. no) contain new data sufficient to re- 
quire the establishment of levels differ- 
ent from those contained in the Public 
Health Service Standards. 

Watt* Consumption 

The maximum contaminant levels are 
based, directly or indirectly, on an as- 
sumed consumption of two liters of water 
•pev day.^The same assumption was used 
in the 1962 Standards. This assumption 
has been challenged because of instances 
where much higher water consumption 
rates occur. EPA's Justification for using 
the two-liter figure ,1a that it already 
represents an above" average water or 
water-based fluid intake. Moreover, while 
the factor of safety may be somewhat re- 
duced when greater quantities of water 
are infested, the maximum contaminant 
levels based on the two-liter figure pro- 
vide substantial protection to virtually 
all consumers. If, as has been suggested. ' 
a water consumption rate of eight liters 
per day is used as the basis for maxi- 
mum contaminant level, all of the pro- 
posed MCL's would have to be divided by 
four* greatly increasing the monitoring 
difficulties, and in some cases challeng- 
ing the sensitivity of accepted analytical 
procedures. It could be expected, in such 
a case, that the maximum contaminant 
levels would be exceeded to a significant 
degree, and that specialised treatment 
techniques would be required to order 
that the contaminant levels would be re- 
duced. The economic impact of a move 
in this direction would be enormous. It 
is not technically or economically feasi- 
ble to base maximum contaminant levels 
on unusually high consumption rates. 

SArmr Pa cross 

A question was raised about the fact 
that different safety factors are con- 
tained in various maximum contaminant 
levels. The levels aig not intended to 
have a uniform safety factor, at least 
partly because the knowledge of and the 
nature of the health risks of the various 
contaminants vary widely. The levels set 
are the result of experience, evaluation 
of the available data, and professional 
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judgment They have withstood the test 
of time and of professional review. They 
are being subjected to further review by 
the National Academy of Sciences in con-> 
nectlon with development of data for the 
Revised Primary Drinking Water Regu- 
lations. 

MCL's Basso ok Tescfeiatoxe 

A question was also raised as to 
whether ranges of maximum contami- 
nant levels should be established on the 
bejis of the climate in the area served 
by the public water system, as was done 
with fluoride. EPA believes that the use 
of a temperature scale for fluoride is 
more appropriate than for otheV chemi- 
cals because of the studies available on 
the fluoride-temperature relationship 
and because there is a small margin "with 
fluoride between beneficial levels and 
levels that cause adverse health effects. 

MCL's Dsxxro 

Three proposed maximum contami- 
nant levels have been eliminated in the 
final regulations because they are not 
justified by the available data. One of 
these is carbon chloroform extract 
(CCE), which is discussed separately 
below. The others are the proposed levels 
for the standard bacterial plate count 
and cyanide. In the case of the plate 
count, it is believed that the collform 
limits contained in the regulations, com- 
bined with the turbidity maximum con- 
taminant level, adequately deal with 
bacterial contamination. However, EPA 
continues to believe that the standard 
plate count is a valid indicator of 
bacteriological quality of drinking water, 
and recommends that it be used in ap- 
propriate cases in conjunction with the 
coliform tests as an operational tool. 

The proposed maximum contaminant 
level for cyanide was eliminated because 
the possibility of cyanide contamination 
can be effectively addressed only by the 
use" of emergency action, such as .under 
Section 1431 of the Act EISA's 1969 Com- 
munity Water Supply Study did not 
reveal a single instance in which cyanide 
was present in a water system at a level 
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and sulfates. The National Drinking 
Wat^r Advisory Council has recom- 
mended that consideration be given to 
the monitoring of these constituents, but 
has not recooseeended the adoption of 
maximum contaminant levels because 
available data do not support the adop- 
tion of any specific levels. EPA has re- 
quested the National Academy of Sci- 
ences to include sodium and sulfates 
among the contaminants to be studied 
by NAS, and to include information on 
the health effects of sodium and sulfates 
in the report to be made by NAS in 
December 1976 

Since a number of persons suffer from 
{Useases which are influenced by dietary 
sodium intake and since there are others 
who wish to restrict their sodium in- 
take, it is desirable that the sodium con- 
tent of drinking water be known. Those 
affected can, bv knowing the sodium con- 
centration in their drinking water, make 
adjustments to their diets or, in extreme 
cases, seek aJtexnaliy^seurces of water 
to be used for drinking and food prepara- 
tion It is recommended that the States 
institute programs for regular monitor- 
ing of the sodium/content of drinking 
water served to the public, and for in- 
forming phvsicians and consumers of the 
sodium qao&tfEration in drinking water. 
< A retativelv high concentration of sul- 
fate In drinking water has little or no 
known laxative effect on regular users of ' 
the water, but transients using such 
water sometimes experience a laxative 
effect It is recommended that the States 
Institute monitoring programs for sul- 
fates, and that transients be notified if 
the sulfate eontent of the water is high. 
Such notification should include an as- 
sessment of the possible physiological 
effects of consumption of the water 

PCB's and Asbestos 

' to interagency comment expressed 
concern for asbestos and PCB's in the . 
environment and noted the need for at 
least a monitoring requirement, if not 
for MCL's, for these contaminants. EPA 
is also concerned, but for the moment 
lacks sufficient evidence regarding ana- 



greater.than one- thousandth of the level lytical methods, health effects, or occur 
at which cyanide is toxic to humans. ^ rence in the environment to establish 



Available data indicate- that cyanide 
will be present in water systems at toxic 
levels only in the event of an accident, 
such as a spill from a barge collision. 
Maximum contaminant levels are not 
the appropriate vehicle for dealing with 
such rare, accidental contamination. 

Heptachor. heptachlor epoxide 
and chlordane have also been removed 
from the list of mpxlnvim contaminant 
levels at least temporarily in view of the 
pending cancellation and suspension 
proceedings under the Federal Insecti- 
cide. Fungicide and Rodentlcide Act in* 
volving those pesticides. When the re- 
sults of these proceedings are available. 
EPA will/ again consider whether maxi- 
mum contaminant levels should be es- 
tablished for those three pesticides. 

Soonm awd 8uuat*s 

A number of comments were received 
on the potential health effects of sodium 



MCL's. The Agency is conducting re- . 
search and cooperating in research proj- 
ects to develop criteria for establishing 
needetl limits as quickly as possible. A 
monitoring study on a number of organic 
chemical contaminants, including PCB's. 
for which MCL's are not being estab- 
lished at this time, will be contained in 
an organic chemical monitoring regula- 
tion that is being promulgated with these 
regulations. Regarding asbestos, HEW 
and EPA are sponsoring * number offe 
studies this year at an approximate cost^ 
of $16 million to establish health effects, 
anayltical methods and occurrence 

Podtt of MxASuanfxrfT 

Other comments on maximum con- 
taminant levels focused on the proposed 
requirement that such levels be tested 
at the consumer's tap. Concern was ex- 
pressed over the inability of the public 
water system to control potential sources 
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of con^minants which are under the 
control at the consumer. 

Tha promulgated definition of "maxi- 
mum cortUmlnant level. H 1 141.2(d), re- 
teim the requirement that the maxi- 
mum contaminant level be measured at 
the tap except in the case of turbidity, 
which should be measured at the point 
of entry to the distribution system. How- 
ever, the definition has been expanded 
to make clear that contaminants added 
to the water by circumstances under the 
control of the consumer are not the re- 
sponsibility of the supplier of water, 
unless the contaminants result from cor- 
rosion of piping and plumbing resulting 
from the quality of the water supplied 
It should te noted, however, that this 
requirement should not be Interpreted 
is to discourage local, aggressive cross 
connection control measures. 

.Courosm Bactzxia MCL's 

The promulgated MCL's for coliform 
bacteria are basically the 1962 Public 
Health Service Standards, with minor 
refinements and clarifications. However, 
further changes may be desirable. For 
example, the MCL's for the membrane 
Alter analytical method do not resolve 
the question of how many coliform bac- 
teria are assumed to be present in a 
single highly contaminated sample. 
Some laboratories assume an upper limit 
of 50, while others seek to continue to 
count Individual bacteria to a level of 
10O or even higher in a single sample. 
The upper Halt assumed will affect the 
monthly average which is calculated to 
determine compliance with the MCL's. 

Another question relating to the con- 
form bacteria MCL's is the matter of 
possible spurious positive samples, As the 
regulations are written, all routine sam- 
ples taken to determine compliance with 
the MCL's must be counted, regardless 
of the results of analysis of any check 
samples that may be taken. The reason 
for this is that bacterial contamination 
is often intermittent or transient, and as 
a result negative check samples taken a 
day or more after a positive sample can- 
not demonstrate that the positive result 
was in error. It may be possible, however, 
to prescribe a means of dealing with spu- 
rious positive results without compro- 
mising the integrity of the, MCL's. 

A third question concerning the MCL's 
for coliform bacteria Is the relationship 
of monthly averages of coliform bacteria 
levels to monthly percentages of positive 
samples. For example, the monthly av- 
erage MCL for the membrane filter 
method is violated if the monthly aver- 
age exceeds one coliform bacterium per 
sample. However, for purposes of deter- 
mining whether the monthly-percent- 
sge-of-podtrre-samples MCL is violated, 
a sample is counted ss positive only if it 
contains more than four coliform bac- 
teria. Thus. It is possible, particularly 
when a relatively small number of sam- 
ples is taken, for a system to fail the 
monthly average MCL even when no sin- 
gle sample taken during the month is 
out of compliance with the limit 

These and other questions concerning 
the coliform bacteria MCL's will be re- 



viewed further by EPA. If review indi- 
cates that changes in the MCL's are 
desirable* those changes will be made as 
soon as possible but within 6 months, 'in 
time to take effect at the same time as 
the initial Interim Primary Drinking 
Water Regulations. 

OtOAHZC CHXMICALS 

The proposed maximum contaminant 
levels for organic pesticides* other than 
the three which are the subject of can- 
cellation and suspension proceedings, 
have been retained. It is anticipated that 
additional organic pesticides will be 
added to the regulations if surveys of 
pesticides in drinking water being con- 
ducted by EPA indicate that this is 
needed. 

The proposed regulations also con- 
tained a maximum contaminant level for 
organic chemicals obtained by the carbon 
chloroform extract (CCS) method. It 
was anticipated by Congress that organic 
chemicals would be dealt with primarily 
in the Revised Primary Drinking Water 
Regulations because of the paucity of ac- 
curate data on the health effects of vari- 
ous organic chemicals, the large number 
of such chemicals, uncertainitiee over ap- 
propriate treatment techniques, and the 
need for additional Information on the 
Incidence of specific organic chemicals 
In drinking water supplies* EPA thought 
that the CCE standard might provide an 
appropriate means of dealing with or- 
ganic chemicals ss a class pending action 
en the Revised. Primary Regulations. 
? The CCE,.standard waj originally de- 
veloped as a test for undesirable tastes 
and odors In drinking water. As concern 
developed over the health effects of or- 
ganic chemicals, the possibility of using 
CCE as a health standard rather than 
-an esthetic standard was considered 

As pointed out by numerous comments. 
CCE has many failings as an indicator 
of health effects of organic chemicals. 
To begin with, the test obtains informa- 
tion on only a fraction of the total 
amount of organic chemicals in the water 
sampled. Furthermore, there is serious 
question as to the reliability of CCE in 
identifying those organic chemicals 
which are most suspected of adverse 
health effects. In addition, there are no 
existing data on which a specific level 
for CCE can be established on a rational 
basis. To establish a maximum contami- 
nant level under these Circumstances 
would almost certainly do, more harm 
than good. It could give a false sense of 
security to persons served by systems 
which are within the established level 
and a false sense -of alarm to persons 
served by systems which exceed the level 
It also would divert resources from 
efforts to find mees effective ways of 
dealing with the organic chemicals 
problem. 

EPA believes that the intelligent 
approach to the organic chemicals ques- 
tion is to move ahead as rapidly as pos- 
sible along two fronts. First, EPA is 
adopting simultaneously with these reg- 
ulations a 8ubpart E of Part 141, con- 
taining requirements for organic chemi- 



cal monitoring pursuant to Sections 1445 
and 1450 of the Act 

The regulations require that desig- 
nated public water systems collect sam- 
ples of raw and treated water for submis- 
sion to EPA for organic* analysis. EPA 
will analyze the samples for a number of 
broad organic parameters, Including car- 
bon chloroform extract (CCS), volatile 
and non-volatile total organic carbon 
(VTOC and NVTOC) , total organic chlo-y 
rlne (TOC1), ultraviolet abeorbancy. and\ 
fluorescence, in addition, monitoring will J 
be required for probably 21 speclfico^ 
ganlc compounds. Seloctlon of tBe^tpe- 
dfic compounds has been based on the 
occurrence or likelihood of occurrence in 
treated water, toxicity data and availa- 
bility of practical analytical methods. 
Laboratory analyses will be used to 
evaluate the extent and nature of organic 
chemical contamination of drinking 
water, to evaluate the validity of the 
general organic parameters as surrogates 
for measures of harmful organic chemi- 
cals, and to determine whether there la 
an adequate basis for establishing maxi- 
mum contaminant levels for specific or- 
ganic* or groups of organics. 

Second, EPA is embarking on an Inten- 
sive research program to find answers 
to the following four questions; 

1. What are the effects of commonly 
occurring organic compounds on human 
health? 

2. What analytical procedures should 
be used to monitor finished drinking 
water to assure that any Primary Drink- 
ing Water Regulations dealing with or- 
ganics are met? 

3. Because some of these organic com- 
pounds are formed during water treat- 
ment, what changes m treatment prac- 
tices are required to minimise the for- 
mation of these compounds in treated 
water? 

4. What treatment technology must 
be applied to reduce contaminant levels 
to concentrations that may be specified 
in the Primary Drinking Water Regu- 
lations? 

This research win Involve health- 
effects and epidemiological studies, in- 
vestigations of analytical methodology, 
and pilot plant and field studies of or- 
ganic removal unit processes. Some 
phases of the research are to be com- 
pleted by the end ef this year, while 
much of the remainder are to be com- 
pleted within the next calendar year. 

As soon as sufficient information is 
derived from the monitoring program 
**nd related research, the Interim Pri- 
mary Drinking Water Regulations will 
be amended so that the organic chemi- 
cals problem can be dealt with without 
delay. The monitoring process will be 
completed within 1 year. 

During the interim period, while sat- 
isfactory MCL's* for organic contamina- 
tion In drinking water are being devel- 
oped, EPA will act in specific cases where 
appropriate to deal with organic con- 
tamination. If the EPA monitoring pro- 
gram reveals serious specific cases of 
contamination. EPA will work with sttate 
and local authorities to Identify the 
source and nature of the problem and to 
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take remedial action. EPA will also eld 
the States in identifying additional com- 
munity water supplies that require 
analysis. 

Public Notice 

The public notice requirements pro- 
posed in 1 141.32 did not distinguish be- 
tween community and non-community 
public water systems. They would have 
required that public notice of non-com- 
pliance with applicable regulations be 
made by newspaper, in water bills, and 
by other media for all public water sys- 
tems. These requirements are inappro- 
priate and ineffective in the case of most 
non-community water systems. Those 
systems principally serve transients who 
do net receive water bills from the sys- 
tem and who probably are not exposed 
significantly to the local media. A more 
effective approach would be to require 
notice that can Inform the transient 
before he drinks the system's water, and 
thereby both warn the transient and 
provide an incentive to the supplier of 
water to remedy the violation. Accord* 
ingly, Section 141.32 a*£dopted provides 
that in the case of non-community sys- 
tems, thef entity with primary enforce- 
ment responsibility shall require that 
notice be given in a form and manner 
that win insure that the public using 
the public water system is adequately 
informed. 

The proposed public notice require- 
ments also failed to distinguish between 
different types of violations of the In- 
terim Primary Drinking Water Regula- 
tions, fijpee the urgency and importance 
at a notice varies according to the nature 
of the violation involved, I 14132 as 
promulgated seeks to match the type of 
notice required with the type of violation 
Involved. Written notice accompanying 
a water bill or other direct notice by 
mall is required for all violations of the 
regulations, including violations of mon- 
itoring requirements, and for the grant 
of a varia jce or exemption. In addition, 
notice by newspaper and notification to 
radio and television stations is required 
whenever a maximum contaminant level 
Is exceeded, or when the entity with 
primary enforcement responsibility re- , 
quires such broader notice. 

Quality Cohtrol ajvd Testing 

PKOCXPU1UE8 

Section 1401(1) of the Act defines 
"primary drinking water regulation*' to 
include "quality control and testing pro- 
cedures.'* The promulgated regulations 
include testing requirements for each 
maximum contaminant level, including 
check samples and special samples in 
appropriate cases. The regulations also- 
specify the procedures to be followed in 
analyzing samples for each of the maxi- 
mum contaminant levels. These proce- 
dures win, be updated from time to time 
as advances are made in analytical meth- 
ods. For example, references to "Stand- 
ard Methods for the Examination of 
Water and Wastewater** are to the cur- 
rent, A 3th. edition, but these references 
will be changed to dte the 14th edition 
when ft is available in the near future. 



A key element of guality control for 
public water systems* to" accurate labora- 
tory analysis. Section HI 28 of the regu- 
lations provides that analyses conducted 
for the purpose of determining com- 
pliance with maximum contaminant 
levels must be conducted by a laboratory 
approved by the entity with primary en- 
forcement responsibility. Et*A will de- 
velop as soon as possible, in cooperation 
with the States and other interested 
parties, criteria and procedures f or\lab- 
aratory certification. A State with 
mary enforcement responsibility' 
have a laboratory certified by EPA 
suant to the prescribed criteria and pro- 
cedures, and In turn will certify fabora- 
torles within the State. 

Record-keeping requirements and re- 
ports to the State also will assist pi 
quality control efforts. 

Rscoap-KxzrxNG 
Adequate record-keeping is necessary 
for the proper operation and administra- 
tion of a public water system. It is also 
important for providing Information to 
the public, providing appropriate data 
for inspection and enforcement activities 
and providing information on which fu- 
ture regulations can be based. Accord- 
ingly, a new 3 14133 has been added to 
the regulations to require that each pub- 
lic water system maintain records of 
sample analyses and of actions to correct 
violations of the Primajy'BrinJtiiig Water 
Regulations. 

* Econokxc ahd Cost Analysis 

A comprehensive economics study has 
open made of the Interim Primary Drink- 
ing Water Regulations. This study esti- 
mates the costs of the regulations, evalu- 
ates the potential economic impact, and 
considers possible material and labor 
shortages. The results of this analysis are 
summarized here. 

Total investment costs to community 
water systems to achieve com pliance 
with these regulations are estimated to 
be between $1,050 and $1,765 million. It 
is estimated that non-community sys- 
tems win invest an additional $24 million. 
The range of the estimate is due to un- 
certainty as to the design flow that will* 
be used in Installing treatment facilities. 
Systems not in com pliance) win have -to 
consider sizing their new components to 
reflect ave rage dally flow conditions, or 
maximum wt& flow conditions in cases 
where system storage is not adequate. 

This investment win be spread over 
several years. Investor-owned systems 
will bear about one-fourth of these costs, 
and publicly-owned systems the remain- 
der. It Is not anticipated that systems will 
have difficulty financing these capital re- 
quirements. 

In annual terms, national costs are ex- 
pected to be within the following ranges : 

In millions 

Capital coat* «, $146-247 

Operations »nd maintenance 263-363 

Monitoring (routine only) 17- 36 

Total S42S-44A 

Although these aggregate figures are 
Urge, most water consumers wfll not be 



significantly affected. For those users In 
systems serving 10.000 persons or more, 
the avera#»~aiinuaj treatment cost per 
capita may "increa»rfrc<n less than $1.00 
for systems requiring disinfection and 
lead control, eb -between $15 to 13} for 
control of turbidity, and heavy metal re- 
moval For. systems serving leas than 100 
Persians, the average annual* per capita 
tosts of disinfection. lead control and 
fluoride/arsenic removal are estimated to 
-een $2.10 and $U*0. However, if 
turbidity eontrol or heavy metal removal 
'were required in' a system of this sine 
then costs are expected to range from 
$52 to $237 per year per capita. EPA Is 
aware 6t the serious potential economic " 
impact on users in these small systems. 
However, the legislative history specifies 
that the regulations should be based on 
costs that can be reasonably afforded by 
large metropolitan or regional systems! 
Further economic evaluation of these 
systems is being conducted* and realistic 
options for these small systems are being 
reviewed. Options that win be un de r con- 
sideration include less costly treatment 
technologies; formation of regional sys- 
tems; and use of alternative water 
sources. Industrial and commercial users, 
whether providing their own water or 
using public systems, are not expected 
to be significantly affected by these 
regulations. 

Possible constraints to the implemen- 
tation of the interim primary regula- 
tions were examined. Although there 
win be an increase in demand for chem- 
icals, manpower, laboratories, and con- 
struction of treatment faculties, it is not 
anticipated that any of these factors win 
be a serious obstacle to implementation 
of these regulations^ over a reasonable 
time frame. 

For the reasons given above. Chapter 
40 of the CodejpJ Federal Regulations Is 
hereby amended by the addition of the 
following new Fart 141. These regula- 
tions win take effect 18 months after 
promulgation. 

(It is hereby certified that the economic and 
inflationary impact* of these regulation* 
hare been carefully evaluated in 10 
vgith Executive Order 11691) 

Dated* December 10, 1975. 

Russxll E. TlAXN. 
Administrator 
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. 141*, 1414, 1446, and 1410 
of tba Public Malta Service Act, 66 Stat. 1660 
(41 UAO. SCO*>l, S00g-S, SCO>-4, and 600J-S) . 

Subpart A— ^General 

I 141.1 AppUeaWUtr. 

This pit estasdtshea primary drinking 
water regulations pursuant to section 
1412 of tba Public Health Service Act u 
amended by the Safe Drinking Water 
Act (Pub. L. W-633) ; and related regula- 
tion* applicable to public water systems. 

| 14U Definition* 

As used to this pert the term; 

(a) "Act" means the Public Health 
Service Act aa amended by the Safe 
Drinking Water Act Pub. L 93-623. 

<b) "Contaminant" means any physi- 
cal, chemical, biological, or radiological 
substance or matter in water. 
> <c> "Maximum contaminant lever 
means the gaoaxjmum permissible level of 
a contaminant in water which Is de- 
livered to the free flowing outlet of the 
ultimate user- of a public water system, 
except in the ease of turbidity where the 
maximum permissible level it measured 
at the point of entry to the distribution 
system. Contaminants added to the water 
under ctrcumst%cee controlled by the 
ueer, except those resulting from corro- 
sion of piping and plumbing caused by 
water quality, are excluded from this 
definition. 

(d) "Person" means an individual* 
corporation* company, association, part- 
nership. State, municipality, or Federal 
agency. 

<e> "Public water system" means a 
system for the provision to the public 
of piped water for human consumption, 
if such system has at least fifteen service 
connections or regularly serves an aver- 
age of at least twenty-five individuals 
daily at least 60 days out of the year. 
Such term includes (1) any collection, 
treatment storage, and distribution fa- 
cilities under control of the operator of 
such system and used primarily in con- 
nection with such system, and (2) any 
collection or pretreatment storage facili- 
ties not under such control which are 
used primarily in connection with such 
system. A public water system is either 
a ''community water. system" or a "non- 
community water system.** 

(1) "Community water system" means 
a public water system which serveeigt~ v 
least 15 service connections used by year-" 
round residents or regularly serves at 
least 25 year-round residents 



(11) ^on-community water system* 
means a public water system v that is not 
a community water system. 

(f) "Sanitary survey** means an on- 
site review of the water source, facili- 
ties, equipment operation and mainte- 
nance of a public water system for the 
purpose of evaluating the adequacy of 
such source, facilities, equipment, .op- 
eration and maintenance for producing 
and distributing safe drinking water. 

<g> "Standard sample" means the 
aliquot of finished drinking water that is 
examined for the presence of conform 
bacteria. 

<h) "-State" means the agency of the 
State government which has Jurisdic- 
tion over public water systems. During 
any period when, a Stats does not have 
primary enforcement resjfcnslblllty 
pursuant to Section 1419 of the Act the 
term "State" .means the Hegional Ad* 
minis tra tor, TLB. Environmental Protec- 
tion Agency. » 

(1) "Supplier of water" 'means any* 
person who owns Or operates a public 
water system. * 

1 14L3 Coverage. 

Tins part shall apply to each public 
water system, unless the public water 
system* meets all of the following condi- 
tions; 

(a) Consists only of distribution and 
storage facilities (and does not have any 
collection and treatment facilities) ; 

(b) Obtains aU of Its water from, but 
is not owned or operated by. a public wa- 
ter system to which such regulations 
apply: # • 

(c) Does not sell water to any person; 
and 

(d) Is ndt a carrier which conveys 
passengers in interstate commerce. 

1 141.4 Variance* and exeeaptien*. 

Variances or exemptions from certain 
provisions of these regulations may be 
granted pursuant to Sections 1415 and 
1416 of the Act by ther entity with pri- 
mary enforcement responsibility. Provi- 
sions under Part 142, Rational Interim 
Prtmarv Drinking Water Regulation* 
Implementation — subpart S (Variances) m 
and subpart P (Exemptions) — apply' 
where EPA has primary enforcement 
responsibility. 

1 14L5 Shins r eq nlfem enta. 

Before a person may enter into a fi- 
nancial commitment for or Initiate con- 
struction of a new public water system 
or increase the capacity of aa existing 
public water system, he shall notify the 
State and, to the extent psacticable, 
avoid locating part or all of the new or 
expanded facility at a site which: 

(a) la subject to a significant risk 
from earthquakes, floods, fires or other 
disasters which could cause a breakdown 
of the piibllc water system or a portion 
thereof; or 

Qt>) Except for intake structures, is 
wjSfilft the floodplam of a 1 00- year flood 
or is lower than any recorded high tide 
where appropriate records exist 



The U&. Environmental * Protection 
Agency will not seek to override land use 
de ci si o ns affecting public water systems 
siting which are made at the State or lo- 
cal government levels. * 

I 141*6 Effective date. ' 

The regulations set forth In this part 
sh all tak e effect It months after the date 
of promulgation. 

lu be s rt 1 Maximum Contaminant Levels 

1141.11 Mas* 
for inorgank i 

(a) The maximum contaminant level 
for nitrate is applicable to both commu- 
nity water systems and non-community 
water systems. The levels for the other 
inorganic chemicals apply only to com- 
munity water systems. Compliance rnth 
maximum contaminant levels for inor- 
ganic chemicals is calculated pursuant to 
f 141.23. 

(b) The following are the maximum 
contaminant levels for Inorganic chemi- 
cals other than fluoride : 

Levi, 
milligrams 

Contaminant ^ par Hter 

Araanle — - 0.06 

Barium . l. 

Cadmium „ ..... 0.010 

Chromium . o. 06 

Lead : 0.06 

Mercury . - - 0. 00? 

mtrate (aa N) 10. 

Selenium ... o. 01 

SUvar ^ 0.06 

(c) When the annual average of* the 
maximum daily air temperatures for the 
location in which the community water 
system is situated is the following, the 
maximum contaminant levels for fluoride 
are: 



TtfTtponturt 
Fahrenheit 



Dftrtn Own 



ntiftr 

r 1 



SftJend httow 12.0 tad batow.. 

SSJtd5S4. 12.1 to U6 

«Uto«J...i 14.7tol7J 

flSJ to 70J 17.7 to 21 4 

70.7 to 7M; nju>»x 

714 to *L6.„ 3U to XLS 



14 

X3 

zo 

Lt 

Lt 



4 141.12 Maxtiamm contaminant levels 
for organic chemicals* 

The following are the maximum con- 
taminant levels for organic chemicals. 
They apply only to community water 
systems. Compliance with maximum 
contaminant levels for organic chemlcaU 
is calculated pursuant to f 141,24. 

Level. 
milligrams 
per HUr 

(a) Chlorinated hydrocarbons; 
Xadrtn (1,2.6,4,10. 10-hexachloro- 0.0002, 

6,7-apoxy-l,4, 4a^,6.73Sa-oota% 

hydro-l,4-cndo, endo-63,- dl- 

methano naphthalene) • 
Lindane (U3,434-besaohloro- 0.004 

oyelobexene, gamma laomar) . 
Mattooxychlor (1,1.1-Trtcnlord- 0 l 

2. 2 - bia (p-metbnzyphenyl) 

ethane). 

Tozaahene (C^C^-Tacbnloal 0.006 
chlorinated oempbene, 67-66 
parcant chlorine) . 



HMftAL StOtSTlft, VOC -40,~ HO. 34S— WtONSlOAY, MClMStt 24, 1V7S 



CI 



(b> Chloropheao^7» • 
2,4>-D, (2,4-DlchloYophenoxyftce- 0 1 

tic acid) * * 

2.4,5-7? • s * lv « • (2.4>Trtchloro- 0. 01 

pbenojyproptonic actd) . : 

§ 144.13 Maximum coniiminanl lcvelt 
' for turbidity. 

The maximum contaminant levels for 
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(iii) Ave portions in more than 20 
percent of the;samples when five or^more 
samples are 'examined per month. 

'(O 'For community or non-community 
systems chat are required to sample at a 
rate of less than 4 pef month, compli- 
ance with f paragraphs ia>, >ib) <!), "or 
(b)(2) of this sectiotvahall be based upon 
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turbidity are applicable to both commur ^sampling during a 3 month period, ex- - 

cept that, at the discretion' of the State, 
compliance may be basecfr%pon sampling 
during a one-month period. 

Subpart C — Monitoring and Analytic^ 
Requirements 

§ 11^.21 Microbiological contaminant 
sampling and analytical require- 
ments. 



nity water systems and non-commumty 
water s> stems using surface %ater 
sources in whole or In part. The maxi- 
mum, contaminant levels for. turbidity 
In drie&ing water, measured at a repre- 
sentative »ntry point f s j to the distribu^ 
r.on s\ste.u. are „ 

a .a> Ore turbidity ur.it <TU> , as de- 
termined by a monthly average pursuant 
to ! 141 22, except that .Ave or fewer 
turbidity units may be allowed if the 
supplier o: ^at»i cqp demons i ate r o the 
State that the higher turbidity does not 
do any of the following: 

d> Interfere with disinfection; 

<2> Prevent maintenance of an effec- 
tive disinfectant agent throughout the 
distribution svstem. or * 

(3) Interfere with microbiological 
determinationsL 

(b) Five "turiidity units based on an 
average for two consecutive days pursu- 
ant to 5 141 22. 

§ 141.14 Maximum microbiological con- 
taminant levels. 

The maximum contaminant levels for 
colifonn bacteria, applicable to com- 
munity water, systems and non-com-, 
munity water systems, are as follows. 

la) When the menWane Alter tech- 
Alfee pursuant to 5 141.21(a) is used, 
the rrlimber of coliform bacteria shall 
not exceed any of the following: 

'!> Onfc per 100 milliliters as the 
arithmetic mean of all samples examined 
per tnonth pursuant to J 141 2f fb> or 
(c); # 

(2) Four per 100 milliliters in more 
than one samDlewhen less than 20 are 
examined perlftpfth, or 

(3) Four ^pe| 100 milliliters in more 
than five percent of trie samples wfren 

20 tT,??*^* e * am i ned P ^ 0nt J 1 £ Population served, 
(bid) When the fermentation tube 

method and 10 milliliter standard ppr- 25 10 

tlons pursuant toM 141 2Ka) are usfcd. 

coliform bacteria shall not be present in 

any of the following: 

Uwmore than .10 per<|jnt of ti^por- 
tionsln any month pursuant to 5 141.21 
<b) or (o : 

<H> three or more pogtloas in more 
than one Sajn pte-*w hen ^ ess than 20 sam-* 
pies are examined -per month, or 
■ * <iiU thr*e*e or more portions in rhpre 
than five percent m the samples when 
30 or more samples are examined per 
month o 

<2) When rthe fermentation tube 
method and ifoe milliliter standard por- 
tions pursuant to 3 HI 21(a) are used, 
coliform bacteria shall riot be present in 
any pf the following' 

(i) more* than 60 percent of 'he por- 
tions in apy*month pursuant to 5 141 2*1 
. <b) or toT ; 

<U> five .-portions in more than" one 
sample when less^Jhan ftve samples arc 
eXammed per month, or 



(a; SuppUers of water for community 
water systems and r.on-commumly ^ater 
systems snail analyze :or conform cac- 
teria for the purpose of determining 
compliance with § fil 14 Analyses shall 
be conducted in accordance with the an- 
alytical recommendations- set forth in 
"Standard Methods :or the Examination 
of Wat^r and Wa^rpwatPr," AmTiratl 
Public Health Association, 13th Edition, 
pp- 662-686. except tnat a standard sam- 
ple size shall be employed. Tne standard 
sample used in the membrane filter pro- 
cedure shall be 100 milliliters. The stand- 
ard sample used in the 5 tube rfcest 
probable ji umber (MPN) procedure (fer- 
mentation tube method) shall be 5 times 
the standard portion. The standard por- 
tion'ls either 10 millilitersror 100 milli- 
liters as described in § 14M4 (b) and (o . 
The samples shall be taken *at points 
which are representative of the condi- 
tions "within the distribution system. 

(b> The supplier of water for a com- 
munity ;water system shall take colifonn 
density samples at regular time inter- 
vals, and in numb*! 1 proportionate \o the 
population served by the system. In no 
event shall the frequency-be less than] as 

set forth below: • 
• * 

Minimum number of 
samples per month. 

1 

2* 
3 



I. 001 to 2 600 _ . v- 

2 501 to 3 300 _ . 

3.301 to 4.100 1 

4 101 to 4 30Q 

4.301 to 5 300.5 - 

5 301 to 6.700 _ 

£,701 to 7 500 , 

7.601 to 8.500 

8 501 to 9.400 

9 401 to 10 300- 

10 301 to Jl.lSC---„*--- t • 

II. 101 to 12 000 i 

. 12 Ool to 12 900". 

12.304 to 13 700 

13.701 to 14 600., j 

14 601 to 15 500 

1^501 to 16300 w~ 

16,301 to 17,200 

17 201 tD 18 100. 

18,101 to 13900 

18 901 to 19 800 1 . 

• 19 §01 to 20 700. * 

20 701 tc 21,500 1 — . 

21 501 'O 22 300 

22 J01 to 2 j 200.". , 

23 201 to 24.000 - 

24 001 to 24 900 - 

24 901 to 25,000. . r c 

25 001 tc 28 000 



0 

ERIC 



FEDERAL IECISTER, VOL 40, 



NC^ 244 — WEDNESDAY-, 
\ 



4 

6 

6 
7 
3 
9 
10 
1 1 
12 
' 13 
14 
15 • 
16 
17* 
18 
19 
20 
21 
22 - 
23 
24 
' 25 

2d 
. 27 
28 
29 

30 



28.001 to 33.000 5 

33.001 to J7.000 

37,0dl to 41 000 

41.001 to 46,000 

46 001 to 50,000 * „j 

50 001 to 54 000 • 

54.001 to 59 000 

.59 001 to 64.000 

64 GO 1 to 70 j00._"_ . . — 

70 001 to 76 oco : 

76 001 to 83 000 

33 001 *o 90 100 

9^ 001 ;o *c XO A - 

96 001 to ill 000 .... 

Ill 001 to 130 000 

130 001 to 160 000 * 

!o0 001 to 1^0 000 — 

190 .Of to 220 000 - 

220 ,01 "u ,10 

. 2'yj 001 :b Zjj .00 

200 001 '-O 3J0 300 

320*001 '0 360 OCO ^ 

« H idO 031 to 410 000... I 

*50 001 ;o 500 OCO - 

oCO OGl -0 5o0 >jG0 

550 001 to 3C0 000 

*600 001 to 660 300 

660 331 to "20 000. j 

7J0 301 "'o 780 000 - 

'730 001 to 840 000 1 

840 001 to 310 000 

910 001 to 970 000 1 

970 001 tq I^jOOOO L.-. 

1 050 001 10^140 GOO - 

1 140 00 r to K230 000 

1.230 001 to 1,320 000 _ - 

1 320 001 to 1.420 000 

f 420.00 1 '.o 1 520 GOO 

:,5'2 0 001 to 1630 000 -~ 

1 630 001 to 1 730 000. _ mk 

1.730,001 \p 1 850,000 T? 

1.850 001 to 1 StfO 000 

1 970 001 to 2,060 COO 

2 060 001 to 2 270,000 r, 

2 270 001 to 2,510 000 __ 

2.510 001 to 2 ^50 000. 
2.7V) 001 to 3.020-000, 

3 020,001 to 3,320.000 3 

3 320.001 to 3,620 C 

3 520.001 tc 31960 000. 
' 3 360.001 to 4 310 000 

4 310"001 to 4 690.000 

,^590 001 or more 

Based on a history of # no ^coiifor# bac- 
terial contamination and on a sanitary 
survey by the State showing' the water 
system to be supplied solely by a pro- / 
teced ground water source and free of / 
sanitary defects, a«community water sys- 
tem serving 25 to LOGO persons, with I 
written pe/missjpn irom tne State, may! 
^reduce tnls sampling- frequency except/ 
that in no case shall it oe reduced^to less 
than one per quarter. * 

>'c> The -upplier x>f water for a non- 
community water system shallsample for 
coliform bacteria in each calendar quar- 
ter during uhicn the system provides 
water to the pubuc Such sampling shall 
begin within two tears after the effective 
elate of this part If the State, on the - 
basis of a sanitary survey, determines 
that some otfier frequency is more appro- 
priate, that frequency shall be the fre- 
quency required under these relations. t 
Such fj*equencv shall be confirmed or 
T:han«ed on the basis of subsequent 
Mtr.eys «*.|»' 

(d) f li When the coliform bacteria m a * ' 
single «arnal» exceed four per 100 milli- 
liters « ? l|pB4<a) » , at leas^t two consecu- 
tive daUyrneck samples shall be collected 
and examined from the same sampling 
point. Additional checic samples shall be 
collected dally, or at a frequency estab- 




35 
40 
45 < 
50 
| 55 
F 60 
65 
70 
75 
-80 
85 
90 
95 
100 
110 
120 
130 
140 
150 
150 
170 
180 
190 
200 
210 
220 
230 
240 
250 
280 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
«0 
430 
440 
450 j 
460 
470 
•480 
490 
500 



DECEMBER 24, 1975 



59572 



rules And regulations 



ilshed by the SOTte. until Jhe results ob- 
tained from at least two consecutive 
• check samples show less than one coli- 
form bacterium per 100 milliliters. 

1 2) WUen coU/orm bacteria occur in 
three or more 10 ml portions of a single 
sample (1141.14(b)(1)), at least two 



0.2 mf/1 free chlorine throughout the 
public water distribution system. When a 
particular sampling point has been 
shown to have a free chlorine residual 
less than 0.2 mg/1, the water at that loca- 
tion shall beretested a* soon as prac- 
ticable and in any event within one hour. 



consecutive dally check samples shall be If the original analysis Is confirmed, thisy 
collected and examined from the same 1 fact shall be reported to the State within 



sampling point. Additional check samples 
shall be collected dally, or at a frequency 
established by the State, until the results 
obtained from at least two consecvtlve 
check samples show no positive -tubes. 

(3) When coliform bacteria occur in all 
five of the 100 ml portions of a single 
sample (f ^41. 14(b) (2) >, at least two 
dally check samples shall be collected 
and examined from the same sampling 
point. Additional check samples shall be 
collected dally, or at a frequency estab- 
lished by the State, until the results ob- 



48 hours. Also, If the analysis Is con- 
firmed, a sample. for colfiform bacterial 
analysis must ,be collected 4rom that 
sampling point as soon as practicable and 
preferably within one hour, and the re- 
sults of such analysis reported to the 
State within 48 hours "after the results 
are known to the supplier of water. 
Analyses for residual chlorine shall be 
made In accordance with "Standard 
Methods for the Examination of Water 
and Wastewater." 13th^d., pp. 129-132. 
Compliance with the maximum con- 



tained from at least two consecutive J*minant levels for coliform bacteria 
check samples show, no positive tubes. s ^shall be determined on the monthly mean 



/ 



(4) The location at which the check 
# samples were taken pursuant* to para- 
graphs (d) (1), (2). or (3) of this section 
shall sot be eliminated from future sam- 
** pllng without approval of the State. The 
results from all coliform bacterial analy- 
ses performed pursuant to this subpart* 
except those obtained from check sam- 
ples and special purpose samples, sh&w 
used to determine compliance with the 
tn#»imiym contaminant level for coliform 
bacteria j* established in 1 141.14. Check 
samples jpall not be included in calculat- 
ing the total number of samples taken 
each month to determine compliance 
with ! 141.21 (b) or (c). 

(e) When the presence of coliform 
bacteria In water taken from a particular 
sampling point has been confirmed b# 
any check samples examined as directed 
in paragraphs (dV (1), (2). or (3) of this 
section, the supplier of water shall re- 
port to the State within 48 hours. 

(f) When a maximum contaminant 
level set forth In paragraphs (a), (b) or 
•fc) of 1 141.14 Is exceeded, the supplier 
of water shall report to the State and 
notify the public as prescribed In ! 141.31 
and f 141.32. ' 

(g) Special purpose samples, such as 
those taken to determine whether dis- 
infection practices following pipe place- 
ment, replacement, or repair have been 
sufficient, shall not* be used to determine 
compliance with i 141.14 or 1 141.21 (b) 
or (c). 

<h) A supplier of water of a com- 
munity water system or a no n -com- 
munity water system may, with the 
approval of the State and based upon a 
sanitary survey, substitute the use of 
chlorine residual monitoring far not more • 
than 75 percent of the samples required 



or quarterly mean basis specified in 
I 141.14, including those samples taken 
as a result of failure to maintain the re- 
quired chlorine residual level. ThV State 
may withdraw its approval of ihe use of 
chlorine residual substitution at any 
time. 

§ 141.22 Turbidity sampling and/an- 
^ m\) tical requirements. 

^a) Samples shall be taken by suppliers ; 
of water for both community water sys-' 
terns and non-community water systems 
at a representative entry polnt(s) to the 
water distribution system. at least once, 
per day, for the purpose of making tur- 
bidity measurements to determine com- 
pliance with 1 141.13. The measurement 
shalK be made by the Nephelometric 
Method In accordance with the recom- 
mendations set forth In "Standard Meth- 
ods for the Bx a ml nation df water and 
Wastewater." American Public Health 
Association, i3th Edition, pp. 350-353, or 
"Methods for Chemical Analysis of 
Water and - Wastes," pp. 295-^298, En- 
vironmental Protection Agency. Office of 
Technology Transfer, Washington. D.C.* 
20460, 1974. 

(b) If the result of a turbidity analysis 
indicates that .the maximum allowable 
limit has been exceeded, the sampling 
and measurement shall be confirmed by 
resampling as soon as practicable and 
preferably within one hour If the repeat 
sample confirms that the maximum al- 
lowable limit has been exceeded, the sup- 
plier of water shall report to the State 
within 43 hours. The repeat sample shall 
be the 1 sample used for the purpose of 
calculating the monthly average. If the 
monthly average of the\daily samples 
exceeds the maximum allowable limit, or 
if the average of two samples taken on 



be taken by paragraph ^ of this' consecutive days exceeds 5 TU, the sup- 



section, Provided. That the supplier of 
waier takes chlprlne residual samples at 
points which are representative of the 
conditions within the distribution sys- 
teJHrt the frequency of at least four for 
eadh substituted microbiological sample. 
There shall be at least dally determina- 
tions of chlorine residual. When the sup- 
plier of water exercises the option pro- 
vided in this paragraph (h) of this 
section, he shall maintain no less than 



plier of waiter shall report to the State 
and notify the public as directed in 
! 141.31 and 1 141.32. 

(c) Sampling for non -community 
water systems shall begin within two 
years after the effective date of this part. 

(d) The requirements of this i 141.22 
shall apply only to public water systems 
which use water obtained In whole or in 
part from surface sources. 



§«141.23 Inorgutiic chemical MmpUitg 
und mini? ileal requirement*. 

(a) Analyses for the purpose of de- 
termining-compliance with 1 141.11 are 
required as follows: 

, (11 Analyses for all community water 
systems utilizing surface water sources 
shall be completed within one yealr fol- 
lowing the effective date of this part. 
These analyses shall be repeated at 
yearly intervals. 

- (2) Analyses for all community water ^ 
systems utilizing only ground water 
sources 'shall be completed within two 
years following the effective date of this 
part. These analyses shall be repeated 
at three-year intervals. 

<3) For non* community water systems, 
whether supplied by surface or ground 
water sources, analyses for nitrate shall 
• be completed within two years foUowing 
the effective date of this part These 
analyses shall be repeated at Intervals 
determined by the State. 

(b> If the result of an analysis made 
pursuant to paragraph (a) indicates that 
the level of any contaminant listed in 
5 141.1 r exceeds the maxlmjm contam- 
inant level, the supojier ofTwater shall 
report to the Slate within 7 days arid . 
initiate three additional analyst at the ( 
same sampling point within one mont^LN 

(c) When the average of four analyse^ 
made pursuant to paragraph (b) of this 
^section, rounded to the same number of 
significant ^figures as the maximum con- 
tammanWfcvel for the substance in ques- 
tion, exceeds the maximum contaminant 
level, the supplier of w^ter shall notify 
the State pursuant to i 141 31 and give 
notice to the public pursuant*to | 141 32. 
Monitoring after public notification shall 
be at a frequency designated by the State 
and shall continue untir the maximum 
contaminant leveThas not been excqfjed 
in two successive samples or until a mon- 
itoring schedule as a condition to a 
variance, exemption or enforcement ac- 
tion shall become effective. 

(d) The provisions of .paragraphs, (b) 
and, (c) of /this section notwithstanding, 
compliance with the maximum contam- 
inant level for nitrate shall be determined 
on the basis of the mean of two analyses. 
When a level exceeding the maximum 
contaminant level for nitrate Is found, 
a second analysis shall be Initiated within 
24 hours, and if the mean of the two 
analyses exceeds the maximum contam- 
inant level, the supplier of water shall / 
report his findings to the State pursuant 
to J 141.31 t&d shall notify the public, 
pursuant to 1 141.32. ' 

(e) For the initial arial^ses required 
by paragrdfcm (a)(1), (2) or (3) of this 
section, data for surface *waters*Kcqulred ' 
within one year prior to the effective date 
and data for ' ground waters acquired < 
within 3 years prior to the effective date 
pf this part may te substituted at the 
discretion of the State. V 

(f) Analyses conducted to' determine 
compliance with 1 141.11 shall be made 
In accordance with Che following 
methods: 

» (1 ) Arsenic— Atomic Absorption Meth- 
od, ''Methods for Chemical Analysis of 
Water and Wastes," pp. 93-96, Environ- 



j 
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if i. r""',? 1 ! 6 sha " be acceptable only 
n«. it s J ubstan »aUy equivalent to the 
prescribed test in both precision and ae! 

T?ZX< ^ nlttm to the deterin^t^n 
of compliance with any maximum con- 

ease ^^i* sha " n °' ES- 

SE, by h & nCy " m °- mt0rlng re - 



Protein f 101 - 103 ' EnvlromteiHai 
S °° ce of TechnoloS 

Me^od^^nH m ^ A ^ mJc A °sorption 

Mlniuon nf w r ? Meth0CU for the E *- 
S na 2, Wat „ er and Wastewater.- 

or a.!? 0 ', PP 210 - 215 ' or "Methods 
Wa S (2'" mlC,U Analysla 01 w *er and 
fwf 8 , PP 105-106, Environmental 
• S n w ! l nC? ' Q * ce of Technology 
(5? rln a ^ mgton ' D ~ 2048 °. 1974 
"RttLTt d - At ? mlc Absorption Method 
"on of r 4 Methods for "« ExamlnV- 
Edmnvf * ater and Wastewater," 13th 
c2il£; 210 - 215 ' or "Methods for 

Ann* ■ tim En )' l ^ nmentai Protection 
Agency. Office of Technology Transfer 
Washington. D C 20460, 1974 r ™ nS * r >- 
<6> Mercury— Flam-'eu AtomV av, 

- ffl^JW " Meth ^ for S'emfcai 
1M lEE* WatCr and Wa ^5."pp 118- 
126, Environmental Piotect, 0 n Agency 
of Technology Trartafer Wa"h-' 
ington.DC. 20460, 1974. • 

«7u titrate— Brucine Celorimetrle 
Method. "Standard Methods*, th?E X - 
of Water and wStewat?" 
13th Edition, pp, 461-484, or Cadmium 

Aaencv "oft. E ™ ,r onmental Protection 
Agency, office 0 f Technology Trtnsfta- 
Washington. D C 20460.1974 llLnsrtr - 
'8) Selenium— Atomic ih- fl ,„ H „ r 

Vfpfhnrt "X*»n. j . ' ■ "DjOrptiOn 

Method. Methods for Chemical Analysis 
of Water and Wastes." p 445, Environ- 
mental Protection Agency. Office of 
££l& Tran5fe '' Wa ?bing?on DC 



Ser A ^aahmS C . e D.C. SSfXE ^"technEf ^ An aIt *™ a ' 

8141.24 o». n ie 1 < . if ?. , ™ e sha11 be aceepUble only 

fa) An analysis 0 f substances for th* 

m ! sha " made w follows: 
(l) For all community water sv«t<>m, 
utllWng surface water sources £E& 
ow a L be t ^ m ^ et ^ d ^ onl'yea^o - 

a stit p e e i od th°e f Sis" sssifs ' 

^^%Sed S oy h te b Vta eP J^ 

U tSnronin= ^ -<- s 



l %a 

§1 11.28 ApprovTdloboMiories. 

Pllance wi^^uf ,°, f de *rmlning com- 
• W 8 141 21 trough « 14127 

Kk S may be wnsidered onIy "" ey 
nave been ana V7 ah m, o i-u___* u i ney 



- o , ; , 141 ^ °c cansiaered on y j 
Sfo^S SfW* a labora^p 



Ploved by ^rS^lXms. 

■e'?ua n i J,"' L UrbldltV and free ch &- 
residual may be performed by any nTr! 

son Acceptable to the State. 



od 9 "^in^ At ? f ml i Absorption Meth- 
od, Standard Methods for the Ex- 

ffthVSrt ° f Water aRd Wastewater. 
f« r& PP 2 , 10 - 215 ' or "Methods 
Wastes" n Ca /,« An / lysU of Wat « r and 
^ Z, a ' p 148 ' Env ironmental Protec- 
{ ™ ,e ^ y - ° fflce of Technology Trans- 
fer. Waahlngton. DC 20460 1974 

10> Fluoride— Electrode ' Method 

pf Wa da r rd a n ^ 0dS f ° r the lamination 
dd 172 17? Waat «w»»e«-. 13th Edition, 
PP. -179-174. or "Methftds for Chemlra 
Analysis 0 f Water and wj°es." P Tst 

-Lmiol ! , 174 -?T6. or "Methods for 
-fiemlcal Analysis of Wajter and 
Waates." pp. 59-60, EnviromXtal^ro- 



f the result of an anaivoc ™^ 
ti^rnf t0 P ai -a8rap h <.T 0 ^ L ^ 
tion indicates that the level of „„„ „ 
umga nt listed in ffiS s t 
nifJ!^ 11 contanunant level the \n7 

taminaat level fn?-^. - e u l aax!mum_con- 
tion eweedl Vh. ^ substance in ques- 

to the state S „° t »M, 8 " r H ep0rt 
notic t0 the^wTiu^a" 2 
Moiutonns after puolic notification s ban 

an^^h^Snu^^f,^^^ 
contaminant leve"ha?no t h. max,mui " 

/if « b \ ome effective 
b/par^rafc 

date of This'parVan 0 ; d ^W^ 
water acquired within tht e yenif nnoi 

^e) Analyses made to deter™ ? 
Pliar.ce with 5 HI 12™> Vh\u* ^ 
in accor'dance w th i? . 1 be made 

nan. unio, November 28 1973* 



§ 1 n |ifwn,c! 0n,, ,° rlnK0f con?ctu,i ^ I"'*- 
walcr «tystcfiui. 

.at V cr e t n n a FUbI1C xat€r svst «"' supplies 
«vs-«» rheVj r » more ° ther publlc *ater 
to"* - ieauiim T ay rn0dlfy the mon '- 
EfV'fo h2 Ulr f ment ^ 'mresed by this 

0 rhP eYteJlt that the '"terionne^. 
ion of the iysems jusiiles treating them 

ftL?. , T» h ^tem for monitoring 
rnnn A "/ modlfled monitoring shaHe 
"edly he & Uan ' to a schedule specU 
Admta£!L? tot, , B S d conc «n-«l in by the 
p'oTeS a A 0 g r e°ncy he U * En , Vlre « 
-Sttfc^D^port,,, pub|(e Notlficatj • 

and Record Keeping 
§ 14131 Importing rcq.iircn.enl,. 

reifoH E fo CePt "I" 3 a short€1, reporting 
renod is specified in this nait fh. 
supplier of water shalf report to the \tl t l 
*»th,„ 4 Q days following a tes^rneaL- 
S! s m , a °rt an tb a i ySi3 T ,<S, «* 10 »e miE by" 

to ',h'.'S 1 V UPrllcr of vater shall report 
to ™ att ? !thl " " 8 hour s the faUure 
0 comply with any primary diflnWra 

SVS'r '=ncluding I7 fa,,^e kl to , 
Tfouh W m"hK^ n ^ nng rec >~nu, 

ol^nTi 16 * upplier of 'Aater i, not re- 
quVcd to leport arfal; tical results to the 

Am s r^r a State 'Moratory 
'X" 1 ' ' h h e analysis and reports the 

iVifc , ' State Dffl c- which would 

lhe1up 1 p„e e r Ce,Ve 3UCh """""tlon'from 



§ 11 1.27 Allrrnaliv,. 
ntquc*. 

With trie written perml^jon of the 

^fTh n e CU f7 r s ed Env by ^ Adm <n^af 
ti~* , a Environmental Protec- 

tion A 5 ency, an alternative analytical 
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§111.32 Public *o.iiic,.,o„. 

to comnlv L°,?Jf nUn,ty * ater system fads 

an x mnn" ' S gFantCd a va ^nce or \ 
an exemption from an applicable maxi 
* th" f C ° ntamln ant level, fails ffi - 

presrr bL eqU ' rem ? nt5 of ™* »hed 
pmnH P u « u ant to a variance or ex-- 

or, P ng° r n eq U r r a rf " S '° p6rfo ™ any moni- 
toring required pursuant to Section 1445 
'a of the Act. the supplier 0 f water shall 

Slure 50 " 8 ""I' by 
fee In "hi « ? , rant by ln - cl u^oTof a no- 
1 st set of water bills of the 
s,stem issued after the failure or grant 
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and In any mot by written notice wtUUn 
t&m months. Such note* shall bo re- 
peated at least ones every three montia 
so Soot m the system's failure oonttnuss 
or tho variance or exemption remains la 
eft sot If tho system isms wast* MUs Ion 
freqiantjy than quarterly, or doss not 
issue waist- WHS, tho notice shall bs made 
by or supplemented by anothor form of 
dlrsct mail. 

<b) If a community water system has 
failed to oompiy with an applicable max* 
imum eontapinant level ths suppder of 
water shan notify^ publio of such f ail. 
hps, in addition to ths notification re. 
*ar* by paragraph ia> of this notion, 
ss follows: 

(1) By publication on not loss than 
three ^pnsooutlve dayi in a newspaper or 
newspapers of tonsral circulation in ths 
arelNervsd by ths system. Such notlco 
•hall bo completed within fourtosn dan 
after tho supplier Taf water teams of 

t the failure. 

(2) By furnishing a copy of ths notlco 
to tho radio and television stations serv- 
ing tho area served by St system. Such 
notlco shan bo furnished within seven 
days after ths supplier of water learns 
of the failure. - 

<c>< if tho area served by a community 
water system is not served fry s dally 
newspaper of seneral circulation, notlfi- 
cetiotrby newspaper required by para- 
graph (b) of this section shall instead be 
given "by publication on three consecutive 
-weeks In a weekly newspaper of general 
circulation serving the area. If no weekly 
or dafly newspaper of general circula- 
tion serves the area, notice shall be given 
by posting the notice In post offices with- 
in the area served by the system. 

(d) If a non -community water sys- 
tem falls to comply with an applicable 
maximum contaminant level established 
m AibpartB of this pert faiIs*o comply 
with an applicable testing procedure 
established In Subpart C of this part, 1* 
granted s variance or an exemption from 
an applicable maximum contaminant 
level: falls to comply with. the require- 
ment of sny schedule prescribed pursu- 
ant to a variance of exemption or falls to 
perform any monitoring required pursu- 
ant to SseUon 1445 fa) of the Act the 
supplier of water shall given notice mt 
such failure or grant to the persons 
served by the system. The form and man- 
ner of such notice shall be prescribed by 
the State, and shsU insure that the 
public using the svstem is adequately In- 
formed of the failure or grant 

<e> Notices given pursuant to this sec- 
tion shall be written In a manner reason- 
ably designed to Inform fully the users 
. of ths system. The notice shall be con- 
spicuous and shall rot use unduly tech- 
nical language, unduly small -print or 
other methods which would frustrate the 
^purpose of the notice The notice shall 
dlsclosa all material facte regarding the . 
fubjectjinc hiding the nature of the prob- 
lem fcnel. when appropriate, a clear stale- 

that a primary drinking water 

regulation has been violated and any pre- 
ventive measures that should be taken by 
the public. Where appropriate, or where 
designated by the State, bilingual notice 
shall be given. Notices may include a bal- 
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anced exptanatioh of the significance eg 
wrtoo s na ss to the puttie hsalth of the 
•object of the notice, a fair explanation 
of steps taken by the system to oorrect 
any problem and the results bf any addi- 
tional sampttasj 

<f> Nodes to the public required by 
tote section may be given by the State on 
behalf of the supplier of water. 

<D teeny Instance In which notifica- 
tion by mall Is required by paragraph (a) 
,of this section bat notification by newt- 
/ paper or to radio or television station 
Is not required by paragraph (b) of this 
section, the State may ordet the supplier 
of water to provide notification by news- 
paper and to radtes^ television station 
when flirftiiwiftonftfs make more immedi- 
ate or broader notices appropriate to 
protect the public health. 

1 14148 Record saslntsnenco. 

Any owner or operator of a puolio 
water system subject to the provisions of 
this part shall retain on ate premisss or 
at a convenient location near its prem- 
ises the following records: 

<a) Records of bacteriological analyses 
made pursuant to this part shall be tept 
for not less than 6 years. Records of 
chemical analyses made pursuant to this 
part shall be kept for not less than 10 
ysars. Actual laboratory reports may be 
kept, or data mar be transferred to tab- 
ular sununaileaffrovlded that the fol- 
lowing information Is included r 

<1> The date, place, and time of sam- 
pling, and the name of the .person who 
' collected the sample; 

(2) I de n tifica ti on of the sample as to 
whether it was a routine distribution 
system sample, check sample, raw or - 
process water sample or other special 
purpose sample; . 

(3) Date of analysis; 

<4> Laboratory and person responsible 
for performing analysis; , 

(5) The snaly tfcsJ^technique/ method 
.used; and 

(•> The results of* the analysis. 

(b> Records of actioa taken by the 
system to* correct violations* of primary 
drinking water regulations shall bs kept 
for a period not less than 3 years after 
the last action taken with respect to the 
particular violation involved. ' 

(c) Copies of any * written reports, 
si^nmaries or communications relating 
to sanitary, surveys of the, system con- • 
ducted by the system itself, by a private' 
consultant, or by any local State or Fed- 
eral agency, shall- he ke/t for a period 
not ten than 10 years after completion 
of the sanitary survey Involved. 

(d) Records concerning a variance or 
exemption granted to the system shall 
be kept for a period ending not less than 
5 years following the expiration of such 
variance or exemption- 
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